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The H«ifrh Con.wi/uenrps ofSrwking 


Surgeon General's Report 


Introduction 


Heart diwase and stroke—ihe inaln types uf car¬ 
diovascular disease caused hy smoking—are the first 
and third leading causes of death in the United States, 
respectively (American Heart Association [AHA] Z002; 
Anderson 2002). More than 61 million people In the 
United States suffer from some form of cardiovascu- 
tar disease (CVD), including high blood pressure, 
coronary lieait disease (CHD), stroke, congestive heart 


failure (CHF), and other conditions. Nearly 950,000 
Americans die each year as a rpsiifr of CVD. account¬ 
ing for 39.4 percent of all deaths in 2000 (AHA 2002). 
This chapter reviews the evidence on the relationship 
between smolting und CVD. In particular, it examines 
the associations between smoking and subclinic a! 
atherosclerosis, CHD and sudden death, stroke, and 
abdominal aortic aneurysm (AAA). 


Conclusions of Previous Surgeon General's Reports 


One of the first topics addressed in the Surgeon 

General's reports was smoking and CVD. although the 
1964 report focused primarily on the relationships be¬ 
tween smoking and respiratory diseases, Including 
cancer and chronic lung diseases (U.S. Department of 
Health, Education, and Welfare [tI$DHEW] 1964) The 
report noted that male cigarette smokers had higher 
death rates from CHD than nonsmoking males, in 
1967, the second Surgeon. General’s report on smok¬ 
ing concluded that the evidence “strongly suggests that 
cigarette smoking can cause death from coronary ar¬ 
tery disease* (USDHEW 11X17, p. 27). With a growing 
number of studies addressing other cardiovascular 
endpoints, the 1971 and 1974 reports highlighted the 
associations between smoking and peripheral vascu¬ 
lar disease, aortic atherosclerosis, and cerebrovascu¬ 
lar disease, including stroke (USDHEW 1971. 1974). 
The 1979 report concluded that smoking was not only 
one of die main risk factois fur CHD (rjoufaud and fa¬ 
tal myocardial infarctions [Mis] and sudden death), 
but was a causal factor supported by evidence consid¬ 
ered to be proved beyond a "reasonable doubt 
(USDHEW 1979, p. 4 63). In addition, that report pre¬ 
sented evidence of strong associations with morbidity 
from peripheral vascular disease and aortic aneurysms. 
In contrast, the association UeLweeii smoking and 
stroke was considered "nut conclusive' (IJ5JDHEW 

1979, p. 1-14). 

Subsequent burgeon General's reports reviewed 
the evidence linking cigarette smoking to CHD. The 
conclusions in the 1983 Surgeon General's report 


reaffirmed that cigarette smoking is one of the major 
independent causes of Cl ID and. given the prevalence 
of smoking, "should be considered the most Impor¬ 
tant of tiie known modifiable risk factors for coronary 
heart disease" (U.S. Department of Health and Human 
Services [USDHHS] 1983, p. Iv). The evidence con¬ 
sidered included a large numher of epidemiologic, 
clinical, and experimental studies carried out with a 
variety of methods and research designs. Until the 
1980s, though, there had been limited evidence related 
to the reduction of risk after maintained cessation. In 
an extensive review of updated data on the benefits to 
cardiovascular health from smoking cessation, the 1990 
Surgeon General's report found that “smoking cessa¬ 
tion reduces the risk of both Ischemic stroke and sub¬ 
arachnoid hemorrhage compared with continued 
smoking" (USDHHS 1990, p. 11). Other conclusions 
from that report include the following: 

The excess risk of CHD caused by smoking is 
reduced by about half after 1 year of smoking 
abstinence and then declines gradually. After 
15 years of abstinence, the risk of CHD is simi¬ 
lar to that of persons who have never smoked. 

Among persons with diagnosed CHD. smok¬ 
ing cessation markedly reduces the risk of re¬ 
current infarction and cardiovascular death, 
in many studies, this reduction in risk of 
recurrence or premature death has been 50 per¬ 
cent or more. 
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Smoking cessation substantially reduces the 
risk of peripheral artery occlusive disease com¬ 
pared with continued smoking. 

Among patients with peripheral artery dis¬ 
ease. smoking cessation improves exercise tol¬ 
erance, reduces the risk nf amputation after 
peripheral artery surgery, and increases over¬ 
all survival (USDHHS 1990, p. 260). 

The 1998 Surgeon General s report focused on the 
Impact of smoking In ethnic and racial minority popu¬ 
lations in the United States (USDHHS 1998) and con¬ 
cluded that even though more data would be helpful, 
existing data indicated that the association of tobacco 
use with CHD did not differ between whites and four 
major racial and ethnic minority groups. A similar con¬ 
clusion was reached for women in the 2001 Surgeon 
General’s report on women and smoking (USDHHS 
2001 ). 


Biologic Basis 


When the association, hetween cigarette smoking 
and CVD was first Identified in epidemiologic stud¬ 
ies, the underlying biologic mechanisms were rtot yet 
well understood. The injury hypothesis of atheroscle¬ 
rosis. formally proposed in the mid-1970s (Ross and 
Glomset 197Ga,b), provided a framework for consid¬ 
ering the atherosclerotic effects of smoking, even 
though the specific tobacco components and the pre¬ 
cise mechanisms for the injury to the endothelium (the 
Inner cellular layer of the arterial wail) were unknown. 
During die 1890s. research further clarified die patho¬ 
physiology of the atherosclerotic effects of cigarette 
smoking. In addition. In the last three decades a large 
body of evidence has accumulated, demonstrating that 
smoking Increases the risk for thrombosis (USDHHS 
1990: Meade et al. 1993; Miller et al. 1998). This evi¬ 
dence provides an additional framework for under¬ 
standing tire pathophysiologic effects of smoking on 
the basic underlying processes nf CVD. Recent experi¬ 
mental work, including in vitro studies, animal stud¬ 
ies. and controlled experiments in humans, has added 
to the understanding of these mechanisms. This evl 
dence Is reviewed in the following section. 


364 Chapter 3 


This chapter is not an exhaustive review of the 
now vast literature on tobacco smoking and heart and 
vascular disease, allhuugli it does include an update 
of recent clinical and epidemiologic studies on the sub¬ 
ject. The primary focus, however. Is a review of the 
evidence relevant to smoking and subdlnical measures 
of atherosclerosis, including what is understood about 
the role of smoking in the pathophysiologic processes 
that cause atherosclerosis and its clinical manifesta¬ 
tions (t.e.. CVD syndromes Including coronary artery 
disease. AAA, peripheral vascular disease, and stroke). 
These advances in understanding of pathogenesis 
deepen the understanding of smoking as a cause of 
CVD. 

Search strategies For this chapter included 
reviewing previous Surgeon General’s reports on 
smoking, publications originating from the largest 
observational studies on CVD, and reference lists from 
Important publications; consulting with content ex¬ 
perts; and conducting focused literature searches on 
specific topics Including the new literature on subdinP 
cal measures. 


Smoking, Athcrogcncsis, and Thrombosis 

The development of atherosclerosis is the main 
underlying pathophysiologic process of the most clini¬ 
cally significant manifestations of CVD, namely CHD, 
stroke (cerebrovascular disease), and peripheral arte¬ 
rial disease. Atherosclerosis is a process of hardening 

of the arteries characterised by deposition of lipid In 
the inner layers of the arteries, by fibrosis, and by thick¬ 
ening of the arterial wall, Atherosclerotic plaques de¬ 
velop over time, slowly progressing from the early 
lipid deposition that characterizes fatty streaks, 
through the more advanced raised fibrous lesions that 
decrease the space inside the artery (the arterial 
lumen), to the complicated lesions that are usually as¬ 
sociated with clinical events. The process of plaque de¬ 
stabilization and complications Is thought to be asso¬ 
ciated with Inflammatory changes and thrombotic 
complications that obstruct the blood flow and result 
in clinical manifestations such as Ml or stroke. There 
arc underlying complex Interactions of the blood 
(serum and blood cells) with the arterial wall as well 
as between cellular elements within the arterial wall 
itself. Table 3.1 offers a basic summary of the stages 
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Table 3.1 Basic pathogenic mechanisms in atherogenesis | f - Short-term experimental studies in healthy non- can stimulate smooth muscle cell proliferation, 

' smokers demonstrated that cigarette smoking is monocyte/lymphocyte adhesion, and subendotheUal 

associated with an acute increase in the endothe- migration leading to atherosclerosis and the loss of the 

lial cell count in circulating blood. Compared with endothelium's normal antithrombotic properties 

the minimal effects of nontobacco cigarettes, $mok- (Pittilo 1990; Vogel 1997; Hutchison 1998). 

ing two tobacco cigarettes more than doubled the The endothelium regulates the vascular tone by 

number of damaged tmdulhelial tells (anutlear secreting vasodilators (e.g., nitric oxide) and vasocon- 

carcasses) in the circulating blood of healthy per- strictors (Arnal et al. 1999). The functional status of 

snns (Davis et al. 1985). Thts effect was itot modi- the endothelium can be studied by examining arterial 

tied by the previous administration of aspirin or diameter changes in response to stimuli whose effects 

rutosides (snm [synthetic derivatives of rutin, a depend on the integrity of the endothelium. Quantita- 

naturally occurring flavonoid) (Davis et al. 1986, live angiography, for example, can measure changes 

1989). in the coronary artery diameter in response to varying 

euiiceiitiiiiiuiis ufacelyliJiollne, an tmduihellunv 
■ Ollier laboratory data support the biologic plan dependent vasodilator. Plethysmography can record 

sibility of the above effects: cultured rat perl changes In the diameter of the brachial artery in re- 

toneal mesothelia! cells were exposed to plasma sponse to stimuli from an endothelium-dependent 

obtained from nonsmoking persons and from per- vasodilator (e.g., reactive hyperemia induced by blood 

sons who had just smoked two cigarettes {Pittilo flow Increase) by measuring the pressure or by ultra- 

et al. 1985). Whereas the plasma from nonsmok- sound (Ceiermajer et al. 1992; Correttl et al. 1995). Us¬ 
ers had little effect un die cultured cells, ihe plasma uig these techniques, young and middle-aged cigarette 

From smokers produced marked morphologic al- smokers without disease had a significant reduction 

lerations, including blebbing or bubble formation in endothelium-dependent vasodilatation compared 

uf the luminal membrane. Pittilo and colleagues with nonsmoking controls (Ceiermajer et al. 1993). This 

(1984) reported that exposure of rat endothelium association was dose-dependent (vasodilatation de- 

lo the blood from a person who had recently creased with more pack-years' of exposure) and 

smoked two cigarettes resulted in the deposition seemed to be potentially reversible (a weaker associa- 

of large numbers of platelets on the endothelial tlon was observed tn former smokers). Similar effects 

surface, an effect that was not observed when ex- were seen in young persons who reported exposures 

posing the endothelium to human blood obtained to secondhand smoke, also In a dose-dependent fash- 

before smoking. Likewise, in the absence of mor- ion (Ceiermajer et al. 1996). Further studies have 

phologie changes, cigarette smoke exposure In confirmed these findings and suggest a synergism be- 

dogs resulted tn an Increased endothelial perrae- tween smoking and hypercholesterolemia (Heltzer 

ability to the coagulable protein fibrinogen (Allen et al. 1996), raising the possibility that smoking poten- 

etal. 1988). Pittilo (1990) reviewed animal studies dates endothelial dysfunction by enhancing LDL 

that further supported these observations. A num- oxidation. 

ber of experiments with rabbit and r at models con- C Unic&l studies that used measu res of endothe- 

ducied during the 1980s consistently found that Hal dysfunction in the coronary arteries have also con- 

cigarette smoking was associated with morpho- firmed these results. For example, a 1999 report 

logic changes in the endothelium, including cell showed that smokers had no Increases in coronary 

loss and the formation of blebs and microvillous- myocardial blood flow (measured with positron ends- 

like projections into the luminal cell surfaces. sion tomography) in response to 9 cold pressor test 

(Campisi et al. 1999). However, after administration 
In recent years, more subtle functional changes orL-arginine (the precursor of nitric oxide), the myu 

in the end u the hum have been associated with smok- caidiai blond flow response in smokers normalized, 

lng. Even in the absence of morphologic changes, a becoming indistinguishable from that of nonsmokers, 

dysfunctional endothelium can secrete growth factors, This observation suggests that the abnormal flow 

chemotactlc molecules that draw in Inflammatuiy cells, response in smokers Is related to endothelial dysfunc- 

and cytokines that stimulate the Inflammatory process Hon (Campisl et a\, 1999). Further evidence of the 

of atherosclerosis. The cytokines and other molecules deleterious effects of smoking on endothelial function 


'Pack ycurs ** The number of yvurs of smoking multiplied by the number of puck' of cigurcttcs smoked per day. 
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Stage of change 

Interactions between blood components 
and the arterial wall (enduthelium) 


. (,h.iikge<, withl-i thr ,->rtf rial wn'l 


Advanced changes, complications 


Hypercholesterolemia (Increased low-density lipoprotein 
[LDLl cholesterol) 

Endothelial dysfunction 

Leukocyte and platelet activation and adherence to the 
endothe Hum 

Migration of leukocytes through the endothelium 

J I fl. nii"Jlf ieativii -oxidation) 

LDL a>.tu:;iuJ<iLj(jii in memory ms, turning then I'in to loam Cells 
Ai n.rriuJaf lor) «•’ IJ )l. arc I ‘•■'ILiueri in lore r< elluhr 
SllOofh m-.i'-:rle <t*II pi'o.deration 

Plaque inflammation 
Endothelial denudation 

Platelet dUtvatkm, uiici u- and maciu-lhiuJiibtxus 

Fibrinolysis of thrombi 

Plaque/thrombi rupture—emboli 


and related mechanisms of the complex multistage 
phenomenon of atherogenesis. Each of these processes 
is mediated by a variety of diemvUiUk molecule* and 

cytokines (Ross 1993, IS99). 

The Following section presents evidence show¬ 
ing that cigarette smoking affects a number of these 
prnrpssws. Thp pvtd«*nce demonstrates that this deli¬ 
cate and highly regulated physiologic Interface be¬ 
tween blood and arterial wall components is adversely 

and strongly affected by the toxic products added to 

the bloodstream from cigarette smoke. These toxins 
then become part of the complex atherothrombotic 
process underlying CVD (Powell 1998). 

Smoking and Endothelial Injuiy 
or Endothelial Dysfunction 

The critical role of endothelial dysfunction in the 
early stages of atherosclerosis Is now well recognized 
(Ross 1993. 1999). Endothelial dysfunction is associ¬ 
ated with an increased adhesion of circulating mono¬ 
cytes and T lymphocytes to the endothelium as well 
as with their subsequent migration into the intimal 
layer of the arterial wall, the layer of cells and tissue 
innermost to the arterial wall. These cells, In the pres¬ 
ence of modified low-density lipuproteiu (LDL) cho¬ 
lesterol (e g . oxidized LD1. cholesterol), heeotne foam 
cells and accumulate In the intima, constituting a key 


element In the early phases of atherogenesis. Endo¬ 
thelial dysfunction has been experimentally linked to 
atheroscleituls in animal models (Moore 1973) as well 
as In humans (Ceiermajer et al. 1992: Corretti et al. 
1995). 

Early reports on the possible detrimental effects 
of cigarette smoking on the endothelium focused 
mainly on morphologic changes in the endothelium 
(Pittilo 1990: USDHHS 1990). This research included 
animats experimentally exposed to nicotine at serum 
levels similar to those of human smokers, and obser¬ 
vational and experimental human studies. The find¬ 
ings included the following: 

• Umbilical arteries from cords of infants bom to 
smoking mothers showed endothelial changes 
absent in cords from nonsmoking mothers 
(Asmussen and Kjeldsen 1975: Asmussen 1982a,b: 
Pittilo 1990). These changes included subendo- 
ihehdJ edema or swelling, widening of the inter¬ 
cellular junctions between cells, distension of the 
endoplasmic reticulum, and increased numbers of 
mitochondria. Similarly, morphologic examina¬ 
tions of uterine arteries in smoking women 
showed significantly more inter- and intracellular 
holes in the endothelium than did arteries In non 
smoking women (ByLock et al. 19/9). 
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comes from human experiments showing steady in¬ 
creases in the von Willebrand factor (vWF), a possible 
mailvci of endothelial damage, lb and 30 minutes af¬ 
ter smoking two cigarettes (Blann et at. 1998). Com¬ 
pared with nonsmokers, smokers also released smaller 
amounts of tissue plasminogen activator (TPA) when 
stimulated by substance F. suggesting another mecha¬ 
nism whereby endothelial cell dysfunction may in¬ 
crease thrombosis (Newby etal 1999). 

Smoking and Thrombosis/Fibrinolysls 

In a pathology study of plaque tissue obtained 
from samples of diseased arteries removed by surgery, 
plaques from smokers were more frequently compli¬ 
cated by (luumbosis along die walls of the arteries than 
were plaques from nonsmokers (Spagnoli pi al. 1994). 
Proper balance d 1* tlie tightly regulated coagulation- 
fibrinolytic systems is critical to plaque stability and 
blood flow In the later phases of atherosclerosis. This 
balance between clotting and dissolution of clots de¬ 
pends on extremely complex Interactions involving all 
uf the cellular components In the blood-arterial wall 
interface, especially the endothelial rails and platelets. 
When this complex system is disturbed, pathologic 
thrombosis may occur, leading to vascular occlusion 
by thrombus fragments that could result in clinically 
manifest infarcts. The association between cigarette 
smoking and changes in blood vessels that are condu¬ 
cive to thromboses has been previously described 
(USDHHS 1990: Miller et aL 1998). Evidence suggests 
that these prothrombotic effects of smoking may be 
most important to the natural history of atherosclero¬ 
sis. and probably are the main underlying factors as¬ 
sociating smoking with sudden cardiac death (Burke 
etal. 1997), 

The prothrombotlc effects associated with ciga¬ 
rette smoking stem partially from the effects of smok¬ 
ing on the endothelium, as discussed in the preceding 
section. Endothelial denudation exposes circulating 
plasma coagulation factors to the prothrombotic ma¬ 
trix of arterial and plaque tissue Moreover, Impaired 
endothelial function results In disturbances of the 
tightly regulated physiologic interface between blwd 
components and vessel walls, leading, for example, to 
homeostatic disruptions and increased levels of plasma 
vWF (blann et al. 1998). Recent experimental evidence 
In smoke exposed animals concurs with parallel com 
parlsons of human carotid artery specimens from 
smokers and nonsmokers (Matetzky etal. 2D00), indi¬ 
cating that smoking increases tissue factor expression 
(a small molecular-weight glycoprotein that initiates 
the extrinsic clotting cascade |Toschi et al. 1997]). 
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Together, these animal and human findings suggest 
yet another mechanism whereby smoking may in 
crease the risk for acute arterial thromhosis (Matetzky 

et al. 2000). 

Furthermore, the direct effects of smoking on the 
properties of platelets, platelet activation, and platelet 
adhesion are well proven (Lassila et al. 1988, Lakier 
1992). and even nonsmokers exposed to cigarette 
smoke experience acute increases in platelet aggrega- 
bility (Davis etal. 198a). As in the endothelial damage 
discussed above, neither aspirin nor rutosides 
prevented these acme effects on platelet activity (Davis 
et al. 1986). Smoking also elevates the plasma concen- 
tialiuo oT belii-tlnombiiglubulhi and the platelet 
factor, thereby increasing the tendency toward dot For- 

matinn (Davis et al. 1986). 

More recent experiments reinforce and further 
clarify these earlier results. In controlled experiments 
using habitual smokers with stable CHD (Hung et at. 
1995). blond obtained five minutes after smoking two 

cLgai eltir. had irureases In platelet thrombus fuiiua- 
tion and whole blood platelet aggregation compared 
with blood obtained five minutes before smoking. In 
another experiment, the increased aggregability of 
platelets In smokers was related to Increases In fibrlno 
gen and platelet-fibrinogen binding (Fuscgawa et al. 
1999). 

With regard to fiLii l j icily Lit aLlivity, studies have 
shown that compared with the endothelium of non- 
smokers, the endothelium of smokers has a reduced 
ability to release TPA In response to an infusion of sub¬ 
stance P. an endothelium-dependent vasodilator 
(Newby et al. 1999, Z001). This impaired TPA response 
may be critical in the acute phase of coronary throm¬ 
bosis by slowing the conversion of fibrin into soluble 
products. In combination with the prothrombotic ef¬ 
fects of smoking, the Imbalance in the coagulation- 
fibrinolytic systems may precipitate the propagation 
of microthrombi in the surface of atheromatous 
plaques, leading to arterial occlusion and clinical mani¬ 
festations of thrombosis (Newby et al. 1999). Evidence 
also strongly suggests that smoking has synergistic 
effects with some pharmacologic substances (e.g., oral 
contraceptives) in Its thrombogenic potential 
(Lidegaard 1939; Roy 1999). 

Fibrinogen is an acute-phase protein that rises 
quickly in response to a number of stimuli (Gataay and 
Kushner 1999), and in cross-sectional studies, smok¬ 
ing is strongly associated with Increased plasma lev¬ 
els of fibrinogen (Ernst et al. 1987: Folsom et al. 1991. 
1992; Miller el al. 1998). In addition, prospective co¬ 
hort studies show that persons who start or continue 
to smoke have larger Increases Ln plasma fibrinogen 
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over time than do nonsmokers (Meade et al. 1987; 
Folsom el al. 2000), findings supported by a short-tern) 
experiment showing decreases m plasma fibrinogen 

following smoking cessation (Rothwell et al. 1991). 
Thus, the smoking-associated increase in plasma lev¬ 
els may reflect a chronic Inflammatory response asso¬ 
ciated with the insult to the arterial tissue and other 
organs (e.g., bronchitis) from long-term smoking. Nu¬ 
merous studies have demonstrated that the fibrino¬ 
gen level is an independent cardiovascular risk factor 
(Wllhelmsen et al. 1984; Kannel et at. 1987; Ernst and 
Resch 1993; Danesh el al. 1998). and the deleterious 
effects of smoking on CVD risk may be partially me¬ 
diated by die rise in fibrinogen. 

The profound alterations of the fibrinolytic sys¬ 
tem associated with smoking are also reflected in the 
strong association between cigarette smoking and 
plasma levels oF certain hemostatic factors. Smoking 
is associated with Increased anti thrombin 111 activity 
(Folsom et al. 1992) and decreased levels of protein C 
(Cuuloii et al. 1993b), faclui VIII (Cunbiii et al. 1993a), 
factor IX activation peptide, factor X activation pep¬ 
tide, and prothrombin fragment 1+2 (Miller et al. 1998). 
In contrast to the Increases In vWF levels experimen¬ 
tally induced by cigarette smoking (Blann et al. 1998). 
cross-sectional studies do not show a significant inde¬ 
pendent association between cigarette smoking status 
aud average vWF plasma levels (Conlan et al. 1393a). 
The results for factor Vile are not consistent in the lit¬ 
erature, with significant associations in some studies 
(Miller et al. 1998) but not in others (Folsom et al. 1992). 

Smoking and Inflammation 

Current concepts of the pathogenesis of athero¬ 
sclerosis Increasingly emphasize the central role of In 
(iLunmalion (Ross 1999). As discussed elsewliere In this 
report, smoking induces a localised inflammatory re¬ 
sponse in the lungs and induces a systemic in¬ 
flammatory response manifested by elevations in 
inflammatory markers such as the leukocyte count in 
circulating blood, which is a risk marker (and poten¬ 
tially a risk factor) of CVD (Friedman et al. 1973). Both 
cross sectiuiial ami longitudinal studies have consis¬ 
tently demonstrated that, ram pa red with permits with 
lower counts, those with moderately elevated leuko¬ 
cyte counts have an Increased risk of CHD, stroke, and 
sudden death (Friedman ct al. 1974, 1975; Prentice et 
al. 1982; Grimm et al. 1985; Ernst et al. 1987). In a re¬ 
cent meta-analysis, a difference of 2.800 leukocytes/ 
mm 3 within the normal range of the leukocyte count 
(e g . comparing persons with 8,400 leukocytes/ 
mm 3 with persons with 5.600 leukocytes/mm^ was 
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associated with a relative risk (RR) of CHD of 1.4 
(Danesh et al. 1998). 

The association bee ween cigarette smoking and 
the leukocyte count is strong and well described in 
epidemiologic studies (Friedman et al. 1973). There are 
consistent dose-response relationships with amount 
smoked, degree of Inhalation, duration of smoking, 
and amount of time since quitting (Petltti and Kipp 
1986; Nieto « al. 1992) (see Chapter 2. ‘Cancer’). More¬ 
over, studies demonstrate that these acute increases in 
leukocyte counts caused by cigarette smoking are prob¬ 
ably due, at least in part, to local inflammatory effects 
in the bronchial tree (Lehr 1993). However, the effects 
of cigarette smoking on the activation and adhesion 
of leukocytes, which initiate the atherosclerotic pro¬ 
cess when combined with endothelial dysfunction, are 
perhaps mare significant for arterial wall irtjuiy. Labo¬ 
ratory studies have demonstrated that both animal and 
human leukocytes exposed to dgarette smoke express 
increased chcmotactic responses, Increased aggreg¬ 
ability, and iiiLtco^n! expressions of adhesion recep¬ 
tors in response to a variety of stimuli (Anderson 1991; 
Lehr 1993). 

Smoking is also associated with an elevation of 
the C-reactive protein level, an acute phase protein that 
provides a measure of inflammatory activity (Das 1985; 
Tracy et al. 1997; Ridker et al. 2900). Epidemiologic 
evidence indicates that the C-reactlve protein level is 
positively associated with risks of CHD, stroke, and 
peripheral arterial disease (Kuller fit al. 1996; Ridker 
etal. 1997; Ridker 2001; Di Napoli et al. 2001). 

Smoking, Lipids, and Lipid Metabolism 

The evidence supporting an association between 
smoking and adverse lipid profiles has been reviewed 
In previous reports (USDHHS 1990). and summarized 
in a 1989 meta analysis of 54 Studies (Craig et al. 1989). 
This evidence reveals higher concentrations of total 
LUL and very low-density lipoprotein (VLDL) choles¬ 
terol In smokers compared with nonsmokers, although 
the most consistent evidence Indicates decreased lev¬ 
els of htgh-densliy lipoprotein (HDL) cholesterol In 
suiukers cuinptu ed with uuiisiuukers (Krupski 1991). 
The plausibility of a causal association of smoking 
with decreased HDL Is supported by evidence from a 
population-based, prospective cohort study within the 
Stanford Five-City Project showing decreasing HDL 
levels In persons starting to smoke and. conversely, 
increasing HDL levels ln persons who had stopped 
smoking (Fortmann el al. 1988). These findings have 
benn replicated in other studies (USDHHS 1990). 
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Smoking may also seriously a fleet lipid metabo 
lisna and LDL modification. Smokers have higher lev¬ 
els of strum malondialdehyde (USDHH5 1990), which 
may modify LDL cholesterol to promote uptake by 
macrophages and decrease cholesterol transport from 
cell membranes to plasma. Malondialdehyde maybe 
a marker of oxidation, and evidence Indicates that 
smoking may promote lipid peroxidation, which is 
hypothesized to be one key element in the causal path¬ 
way of atherogenesis (Steinberg et al. J989), Further¬ 
more. evidence from an uncontrolled intervention trial 
demonstrates a significant increase in the HDL/LDL 
cholesterol ratio in adult smokers without disease 
following an eight-week period of smoking reduction. 
The increase was even more pronounced after a fur¬ 
ther eight-week period of abstinence from smoking 
(Ellasson et ai. 2«l)l). How cigarette smoking could 
cause changes In serum lipid levels (s not entirely un¬ 
derstood. but the mechanisms may Involve metabolic 
changes affecting the transport of cholesterol between 
cells and plasma (de Parscau and Fielding 1986). In 
laboratory studies, cigarette smoke stimulated the 
generation of oxidized LDL cholesterol in human 
plasma (freietal. 1991). 

Smokers also have elevated levels of plasma and 
urine F t -lsoprostanes (by-products of lipid peroxida¬ 
tion) compared with nonsrookere (Morrow el al. 1995; 
Patrono and FitzGerald 1997). Even though no acute 
effects of smoking were observed, experimental data 
demonstrated that stopping smoking resulted in a sig¬ 
nificant reduction in Fj-Jsoprostane levels within days 
or just a few weeks This finding suggests that the In 
vivo oxidation Injuiy associated with cigarette smok¬ 
ing almost completely disappears within a few weeks 
of smoking cessation (Morrow et al. 1995: Oguoghn et 

al. 2000). 


Smoking and Cardiovascular Function 

In addition to tho atherogenic effects of smok¬ 
ing, components of cigarette smoke may have adverse 
effects on the cardiovascular system with regard to 
oxygen supply and demand, thereby increasing the 
risk of ischemia. These effects may ultimately precipi¬ 
tate clinical events in persons with compromised 
coronary circulation that stems from underlying 

at hcroscl L'COSls. 

Smoking and Increased Oxygen Demand 

Cigarette smoking induces the release of cat¬ 
echolamines {epmeplirine and norepinephrine) (Cryer 
et al. 1976; Hung et al. 1995), which are associated with 
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ail increased baseline heart rate and contractility and 
an increase in vascular tone (Benowitz 1988). In smok¬ 
ers, however, cigarette smoking is associated with a 
lower than expected heart rate in response to physical 
exercise (Srivastava et al. 2000), a characteristic that 
has been associated with increased risks of mortality, 
arrhythmias, and Ml (Lauer cl al. 1999). 

Even though there is nu evidence that smoking 
is associated with chronic hypertension, there is com¬ 
pelling evidence that smoking acutely increases 
peripheral vascular resistance and increases hlood 
pressure (Cryer et al. 1976; Koch et al. 1980). These 
effects seem to be attributable to the pharmacologic 
propel ties of nicotine (Benowitz and Courlay 1997). 
In carefully controlled experiments in healthy humans, 
cigarette smoking increased hlood pressure anrl the 
sympathetic nervous system stimulation to both the 
blood vessels and the heart (Narklewlcz et al. 199 B). 
Acute and episodic increases in blood pressure, 
coupled with an Increased heart rate, increase the 
oxygen demands of the myocardium. However, in 
population studies, cigarette smokers tend to have on 
average lower blood pressures than do nonsmokers 
(USDHEW 1979; Friedman et al. 1982). 

Smoking, Decreased Oxygen Supply, 
and Increased Blood Rheology 

Studies have long indicated that smoking Is as¬ 
sociated wtlh a decrease In coronary blood flow (Mar¬ 
tin e# at. 1984). More recent studies using Inrracornnajy 
Doppler measurements have demonstrated that smok¬ 
ing causes an immediate constriction of both proxi¬ 
mal and distal coronary arteries as well as an increase 
in coronary' vessel tone and hence resistance (Quillen 
el al. 1993). These effects seem to be mediated by In 

uicaNWi in c<iLeclio]iiiiiliie level-* associated with smok¬ 
ing. suggested by the finding that pharmacologically 
blocking alpha-adrenergic receptors can reverse the 
smoking-induced decrease tn coronary blood flow in 
CHD patients (Wlnnlford at al. 1986; Quillen et al. 
1993). The decreased vasodllatory response to certain 
stimuli resulting from the endothelial dysfunction as¬ 
sociated with smoking also can limit blood perfusion 
to the myocardial tissue in certain situations. 

The effects of smoking tn compromising the oxy¬ 
gen supply to tissues, particularly to the myocardium, 
are not limited to vasomotor effects but also can be 
due to smoking-related changes in key physiologic 
blood components. Carbon monoxide in cigarette 
smoke diffuses from the pulmonary alveoli to the 
hlnnrlstreHm. hinds In hprnnglnhin in the erythro¬ 
cyte, and forms carboxyhemoglobin, which has a 
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diminished oxygen-carrying capacity. Compensator}' 
erythrocytosls may result (Rampling 1993). Both he¬ 
matocrit and hemoconcentralion increase with the 
number of cigarettes smoked These inrrpases, nim¬ 
bifled With the hyperflbrlnogenemia associated with 
smoking (sec the section on '‘Smoking and Thrombo¬ 
sis/Fibrinolysis” earlier in this chapter), contribute to 
the increased blood viscosity associated with smnk 
lug. which increases the risk of thrombosis and physi¬ 
cally compromises microcirculation (Rampling 1993). 

The low-grade inflammatory response associated 
with smoking nut only results in increased plasma fi¬ 
brinogen levels, but also seems to be responsible for 
the consistently demonstrated dose-response associa¬ 
tion between smoking and leukocyte counts (see the 
section on 'Smoking and Inflammation" earlier in this 
chapter). The level of C reactive protein, a marker for 

chronic infLimmatioii and a strong predictor of clini¬ 
cal CHD events (Ridker and liaughie 199B), was asso¬ 
ciated with pack-years of smoking among persons 
more than 65 years old In the Cardiovascular 1 iealth 
Study (CHS) cohort (Tracy et al. 1997). This associa¬ 
tion was present even among persons who had 
stopped smoking few 30 years or more, suggesting that 
some of the deleterious effects of smoking on inflam¬ 
mation may persist. These data are consistent with the 
hypothesis that smoking causes a chronic, increased 
inflammatory response, especially In the absence of 
other mitigating factors (Tracy et al. 1997). 

The net result of all of these mechanisms (reduced 
oxygen-carrying capacity of hemoglobin and compro¬ 
mised mk-rocimilatfnn fmm increased hlnnd viscos¬ 
ity and leukocytosis) is a reduction in the oxygen- 
del iveiy capacity of blood both to the heart and to the 
peripheral tissues. When oxygen demand is increased, 
the resulting tissue hypoxemia may create a critical 
imbalance of oxygen need with supply in a person with 
underlying coronary or peripheral atherosclerosis. 
Smoking 4ft associated with significant myocardial 
perfusion abnormalities (Deanfleld et al. 19B6), thus 
explaining the increased risk for Ml events, unstable 
angina, and sudden deaths observed in smokers with 

CHD (Quillen et al. 1993). 

Despite abundant laboratory and epidemiologic 
data linking smoking and a variety of pathophysiologic 
mechanisms in arterial wall and blond interactions, 
specific components of smoking responsible for each 
of these effects are not entirely clear {Pittilo 1990). Both 
nicotine and carbon monoxide may be Involved In 
inducing endothelial dysfunction and atherosclerosis, 
although the evidence (animal experiments and labo¬ 
ratory studies of tissue cultures) is not consistent 
in singling out a specific component as uniquely 
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responsible (Pittilo 1990). Some studies show that nico¬ 
tine administration to animals results in endothelial 
abnormalities—increases In the number of endothe¬ 
lial cell carcasses in the hlood and decreases in the 
synthesis of prostacyclin (an inhibitor of platelet 
aggregation) by endothelial cells (Pittilo 1990). In ad¬ 
dition, nicotine seems to be responsible for the plate¬ 
let activation induced by smoking (Lassila et al. 1988) 
However, a recent study compared a number of he¬ 
matologic and coagulation Indices in smokers before 
quitting, after quitting but using nicotine gum or 
patches, and subsequently when no longer using any 
nicotine products (Blann et al. 1997) There were sig 

nificant declines In most outcomes measured after 
smoking cessation but few changes after stopping the 
nicotine gum and/or patches A similar pattern was 
found in a study of atherogenic and thrombogemc fac¬ 
tors In persons attending a smoking cessation program 
who received either a nicotine nasal spray ot a pla¬ 
cebo (Ludviksdottir et al. 1999). 

Epidemiologic studies have addressed the poten¬ 
tial role of nicotine by investigating die risks of heart 
disease from different forms of tobacco use. Cigar 
smoking has been associated with an elevated risk for 
heart disease, but cigar smokers have high Intakes of 
both nicotine and carbon monoxide (Goldman 1977; 
Pechaceket al. 1985; Irlbarren etal. 1999). Of greater 
interest is the risk for heart disease associated with the 
use of smoke less oral tobacco, which delivers nicotine 
rapidly into the bloodstream (Fant et al. 1999). Because 
of prolonged absorption of nicotine through the buc- 
ral mucosa, smokeless tnhaccn delivers a larger over¬ 
all exposure to nicotine than cigarette smoking does 
(Gritz et al, 1981). Smokeless tobacco users are report¬ 
edly at an Increased risk for high blood pressure 
(Bolinder et al. 1992) but not for elevated levels of fi¬ 
brinogen (Eliasson et al. 1995). 

One study of Swedish men followed approxi¬ 
mately 6,000 smokeless tobacco users for IZ years and 
compared their cause-specific mortality with that of 
tobacco smokers and nonsmokers. Although the RR 
for all CVD was lower than that for tobacco smokers 
(1.8 (95 percent confidence interval (Cl), 1.6-2.01 for 
smokers of <15 cigarettes per day and 1.9 [95 percent 
Cl, 1.7-2.2) for smokers of 215 cigarettes per day), 
smokeless tnliarro users had a statistically increased 
RR for all CVD of 1.4 (95 percent Cl. 1.2-1.6) compared 
with those who used no tobacco products (Bolinder et 
al. 1994). The RRs were high for those aged 35 through 
54 years at entry Into the study. Adjusting for age, body 
mass index (BMI). blood pressure, diabetes, and a his¬ 
tory of heart symptoms or blood pressure medication 
at the time of entry did not alter the results. In 
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contrast, two case-control studies from Sweden have 
not found that smokeless tobacco is a risk factor for 
Ml (Huhtaaaari etal. 1992, 1999). However, in one of 
those studies (Huhtasaari et al. 1999), restricting the 
analysis to fatal cases of MI (including sudden death) 
showed a tendency toward an Increased risk for snuff 

dippeix. 

Carbon monoxide also compromises the oxygen- 
carrying and oxygen-delivering capacity of the blood, 
thus promoting the complications of atherosclerosis. 

Free radicals present in cigarette smoke may also be 
involved in atlierogenesis by promoting oxidative 

changes In LDL (Church and Pryor 1985). Oxidized 
LDL fa more readily taken up by macrophages to form 
foam cells in the atherosrlerntlr plaque and can he di¬ 
rectly involved in promoting endothelial and vasomo¬ 
tor dysfunction (Kaufmann et a], 2000). Furthermore, 
toxic and reactive glycation products found in aque¬ 
ous extracts of tobacco can modify certain lipoproteins 
(Apo B), prevent the normal tissue uptake of LDL, and 
Increase levels of circulating LDL (Zieske et al. 1999). 
These effects explain the epldem in logic findings of 
higher concentrations of total, LDL. and VLDL cho¬ 
lesterol in smokers than in nonsmokers (Craig et al. 
1989). 


Summary 

A substantial body of laboratory and cx peri men 
tal evidence now demonstrates that cigarette smok¬ 
ing in general and some specific components of 
cigarette smoke affect a number of basic pathophysi¬ 
ologic processes at the critical interface between cir¬ 
culating blood components and the inner arterial wall. 
Smoking leads to endothelial injury and cell dysfunc¬ 
tion. The effects of cigarette smoking on circulation pro¬ 
duce a substantial shift in die hemostatic balance at 
the endothelium, leading to atherosclerosis and Its 
thrombotic complications. Furthermore, components 
of cigarette smoke diminish the ability of the blood to 
carry oxygen and Increase the physiologic demands 
of the myocardium. The overall result of this constel¬ 
lation of toxic effects Is Id profoundly and adversely 
affect the homeostatic balance in the cardiovascular 
system, thus explaining the well-documented relation¬ 
ship between smoking and both subclintcal and clini¬ 
cal manifestations of atherosclerosis that are reviewed 
in the next sections. 


Smoking and Subclinical Atherosclerosis 


Epidemiologic Evidence 

Atherosclerosis l.s the mnfil common cause oF 
obstruction wititin the blood vessels supplying the 
lower extremities. When the obstruction reduces the 
blood flow sufficiently, a variety of symptoms may oc 
cur. The symptoms usually originate In areas distal to 
the obstruction, but flow from the collateral vessels 
can alter the pattern. The most common symptom Is 
intermittent claudication, which can cause persons to 
feel pain in their legs when exercising, but the pain 
typically resolves within several minutes after the ex¬ 
ercise has stopped. The pain Is usually localized to the 
calf, because the most commonly affected vessels are 
the superficial femoral and popliteal arteries. Epide¬ 
miologic studies indicate that about 5 percent of men 
□nd 2.5 percent of women over 60 years of age experi¬ 
ence Intermittent claudication (Jellies et al. 193&). 
Noninxwive studies of the peripheral arteries find a 
prevalence of peripheral arterial disease ut least three 


times higher than the self-reported prevalence of In¬ 
termittent claudication. One poor outcome of periph¬ 
eral arterial disease Is leg amputation. In 1995, the 
above- and below-knec amputation rate for legs was 
25 per 100,000 adult Americans (Felnglass et al. 1999). 

Studies investigating clinical cardiovascular 
events among adults middle-aged or older are limited 
In that they only address the factors related to the late 
phases of the natural history of atherosclerosis. It Is 
widely letoguized dial litis disease has a long natural 
history, with early pathologic changes (fatty streaks) 
developing In the teens or early twenties In many per¬ 
sons (Strong and McGill I9b9; Strong et al. 1999) Thus. 

research addressing only associations between risk fac¬ 
tors and clinical events that are late outcomes may 
overlook or underestimate the effects of risk Factors in 
the early stages of altieiogenesfa and may miss pos¬ 
sible opportunities For prevention. Moreover, infer¬ 
ences from studies of clinical events can be limited 
because ot changes In hehavior resulting from 
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symptoms, which in turn could distort the temporal 
relationship (reverse causality) between suspected risk 
factors and outcomes. The distortion of this temporal 
relationship can be particularly problematic in cross- 
sectional data, as symptoms or disease diagnosis may 
influence smokers to quit or to reduce the number of 
cigarettes smoked. Such changes In smoking are docu¬ 
mented in a study that compared cross-sectional and 
longitudinal associations between cigarette smoking 
and other risk factors with both clinical and sub clini¬ 
cal CVD (Nieto ctal. 1D99). 

Studying subclinical markers for atherosclerosis 
offers an Informative complement to disease outcomes 
for examining die association between risk faUuis and 
earlier phases of atherosclerosis (Table 3.2). Subclini- 
cal outcomes are less susceptible to temporal biases, 
and their use makes it possible to study the pathogen¬ 
esis of the disease ot an coriicr stage. When research 
ers study liealthy persons in an epidemiologic setting, 
measures of subclinical disease need to be noninvastve. 
Imposing no risk and minimizing (lie burden on study 
participants (Sharretl 1993). 

Table 3.3 describes results of studies reported 
since 1990 that examined the association between ciga¬ 
rette smoking and the presence of atherosclerosis, us¬ 
ing carotid intlmal-medial thickness (1MT) as the 
marker for subclinical disease because of Its strong 
association wUti Incident CHD (Chaxnbless et al. 199’/) 
and with stroke events (Chambless et al. 2000). Con¬ 
ducted with adult populations from different coun¬ 
tries, these studies showed a remarkably consistent 
positive association between smoking and carotid LMT 
Furthermore, studies that examined trends of IMT with 
the amount smoked found evidence of a dose-response 
relationship- Smoking also was associated with 
changes in carotid IMT in three prospective cohort 
studies (Salonen and Salonen 1990; Bel car o et al. 1995; 
Howard et al. 1998a). In a study of participants in the 
Atherosclerosis Risk in Communities (AR1C) Study 


who were free of CVD at baseline, cigarette smoking 
was a strong risk factor for both the presence of greater 
baseline carotid IMT and the incidence of CHD events 
during the three-year follow-up period (Sharrett et al. 

1999). Results from pooled analyses using ARJC Study 
and CHS data indicated that smoking seemed to be 
stiongjy related to carotid atherosclerosis, regardless 
of age. These data show a stronger association in older 
than in middle-aged white adults in the studies 
(Howard etal. 1997). 

The association between clinical manifestations 
of peripheral arterial disease and smoking b well es¬ 
tablished (USDHEW 1979, USDHHS 1990: Krupskl 
1991). Fuillieiinoie, recent studies have added new 
insights into the critical role of smoking in the natural 
history, severity, and progression of peripheral arte¬ 
rial disease. In a six-year follow-up study of patients 
with intermittent claudication, current smokers had a 

higher incidence of severe ischemic leg symptoms 
ranging from rest pain to gangrene (Smith et al. (998). 
More subtle changes also have been documented In 
prospective studies. Among 415 peripheral arterial 
disease patients with intermittent claudication (aged 
42 through 88 years), smoking was strongly related to 
aslx-minute walk performance* (Cahanet al. 1999). 
Patients with Intermittent claudication who were cur¬ 
rent smokers (but had been asked to refrain from smok¬ 
ing on the day of the experiment) hod significantly 
decreased time to claudication and more severe pain 
than patients who had quit smoking an average of 
seven years earlier (Gardner 1996). In this study the 
effort of smoking remained, significant even after con¬ 
trolling for baseline ankle-arm index (AAI), also known 
as ankle-branchial Index, an index of the degree of un¬ 
derlying peripheral arterial disease (Janz° n etal-1981). 
Experimental data also demonstrate acute effects of 
smoking on the peripheral circulation among persons 
with peripheral arterial disease. In a cross-over study 
of chronic smokers with peripheral arterial disease. 


Table 3.2 Markers of subclinical atherosclerosis used Ut epidemiologic studies 


Disease 

Marker 

Study technique 

Generalized atherosclerosis 

Ankle-arm index 

Blood pressure measured with Doppler 


C-j-otid intimal-medi&l thickness 

B-mode ultrasound 

. Cl.JUM V Jll.mM.VnMs 

• ('■ jinurfi v «.-lie !■ ini 

f Ii-Ipnm i/**d lo.iugn.phy 

• VToltfuvastular disease 

Lacunar infarcts 

Magnetic lesniMrire imaging 
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smoking two cigarettes significantly decreased the AAI 
compared with the AAI on comparison days when the 
participants refrained from smoking (Vataco and 
Gardner 1099). These recent experiments, including 
findings from studies using an objective measure of 
the underlying peripheral arterial disease (the AAI), 
call intu question earlier claims that smoking did not 
have an effect on exercise performance In this popula¬ 
tion (Waller et al. 1989), 

Table 3,4 summarizes results from studies on 
smoking and the AAI. The AAI is Ihe systolic blood 
pressure of the ankle divided by the systolic blood 
pressure of the arm, and was proposed as an index of 
subdiulral peripheral arterial disease In the early 1980s 
(Janzon et al. 1981), with lower values Indicating dis¬ 
ease It is a consistently strong predictor not only of 
peripheral arterial disease outcomes but also of coro¬ 
nary and cerebrovascular disease events among adults 

middle aged (Zheng etal. 1997) and older (Criqui ct 
al. 1992; Newman et al 1999). Most of the results in 
Table 3.4 also show a consistent association between 
cigarette smoking and the AAI in diverse study popu¬ 
lations and In both older and younger adults. These 
results are also consistent with the association between 
smoking and clinical peripheral arterial disease 
(LTSDHHS im 1990). 

The presence of subclinical CVD can be assessed 
by the presence of cerebral white matter disease or la¬ 
cunar infarcts In magnetic resonance imaging (MRI) 
of the brain in asymptomatic persons. Results from 
studies reporting oil the association between smoking 
status and MRI findings are not consistent for either 
abnormality, as shown in Table 3.5. Whereas some 
studies showed an Increased prevalence of white mat¬ 
ter disease and brain infarcts in smokers compared 

with nonsmokers (Longstreth et al. 1996. 1998: Liao et 
al. ]997; Howard et al 1998b), other studies did not 
show statistically significant differences (Bretcler et al. 
1994; Yamashtta etal. 1996; Shlntanlot al. 1998). The 
studies with the largest samples did find positive 
trends, but only a few reached conventional levels of 
statistical significance. 

All of the studies of white matter disease are 
cross-sectional, however, and thus subject to method- 
ulogic limitations (e-g., prevalence-incidence bias). For 
example, even If smoking is truly associated with an 
increased risk (Incidence) of the underlying disease 
(e.g,. subclinical atherosclerosis) and if smoking also 
affects disease prognosis, the prevalence ratio obtained 
in a cross-sectional study will be a biased estimate of 
the RR. If smoking increases the risk of clinical events 
and mortality in those with atherosclerosis (e.g., by 
promoting thrombosis Jsee the section on "Smoking 
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and Thrombosis/Fibrinolysis" earlier in this chapter]), 
survival of smokers with atherosclerosis will be shorter 
than that of nonsmokers, and thus the prevalence ra¬ 
tio will underestimate the RR. Because this limitation 
may have different effects in different settings and 
populations, it is a possible explanation for some of 
the inconsistent results across different studies. 

A combined index of subclinical atherosclerosis 
in participants aged 65 years or older in the CHS was 
constructed using the electrocardiogram, echocardio¬ 
gram. carotid IMT, AAI, a«d responses to a question 
naire that asked about symptoms of angina and 
intermittent claudication (Kuller et al. 1994). Current 
smokers in this study, excluding persons with a clini¬ 
cal disease, were more than twice as likely to have 
evidence of a subclinical disease in multivariate analy¬ 
ses that adjusted Tor other major risk factors. The age- 
adjusted proportions of current smokers without evi 
denefi of CVD were 8 percent in tnen and 6 percent in 
women; 16 percent and 14 percent, respectively, had 
evidence of subclinical disease; and 13 percent and 9 
percent, respectively, manifested a clinical disease 
(these numbers reflect the fact that persons with a clini¬ 
cal disease tend to quit smoking). In the CHS. after 
excluding those with evidence of clinical CVD. the ad 
justed odds ratios (ORs) for a subclinical disease com 
paring smokers with nonsntokers were 2.0 (95 percent 
Cl. 1.5-2.7) In women and 2-4 (95 percent Cl. i.ti-3.6) 
in men (Kuller etal. 1994). 

AH of the evidence discussed k> far in this sec¬ 
tion pertains to studies of smoking and subclinical 
atherosclerosis In vascular beds other than coronary 
arteries. Until recently, direct assessment of subclini 
cal coronary atherosclerosis in epidemiologic studies 
was nuL feasible because there were nu nonii j vaslvc 
measurements suitable fnr studies in asymptomatic 
persons. And although studies using coronary angiog¬ 
raphy have documented an association between smok¬ 
ing and the presence and degree of coronary artery 
narrowing (Pearson 1984; Chen etal. 1995). inferences 
from these studies are limited because of the possibll 
Ity of selection biases stemming from characteristics 
of the study participants; even the comparison group 
(those without angiographic evidence of disease) had 
some clinical indications on the diagnostic angiogra¬ 
phy (Pearson 1984). 

Evidence from pathology studies on a series of 
autopsies of adults regardless of the cause of death 
den i ousti ated clear to id strong associations between 
smoking histories and the presence of aortic and 
coronary atherosclerosis (Strong and Richards 1976). 
These early findings have been strengthened by addi¬ 
tional pathology studies of young trauma victims 
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Table 3.3 Studies on the association between smoking and atherosclerosis using the carotid B-mode 
ultrasound findings 

Study 

Design/ population 

Age/gender 

Salonen and Salonen 1990 

Co mm unity-based 

Cohort 

Finland 
n - 100 

42-GO years 

Men 

Ronlthnn K«pp el j.l. 1 99 l 

Qitmuututy ijasH.1 . 

Frau 1 /* 
n-.?!/.. 

Ti-'i-i year; 

Win iien , 

Heis*s eL al. 1991 

ARK Said’. 

CbOW!in:ilt\ Instill 

Case-i ujii.if 

United m. u". 
n - 38t> ca-.H-i i mtrof pairs 

45-54 years 

Both genders 

Salt,lieu .uid Sj)0::e:J 1991 

t'upliJatll'. ri (M’l’ii 
(Ailitut 

Finland 
ii- 1.224 

' 42.48 54. orOOyciirs 

Man 

Bote et al. 1992 

Rotterdam Elderly Study 
Community-based 

Cross-sectional 

Netherlands 

n - 954 

>55 years 

Roth genders 

O'l.c.iryn til iy:z 

Oiirrilnvtfsvulni Hr.ib.l'. Study 
ComriH.iiliy-biisiHl : . 

Cross-set IT ju:ij 

United states : 
n - T.. :'-j 1 

: /fi5 y« : >r*i • ' 

Roll) p.midcis 

Fine-Edelste In etal. 1994 

Framingham Heart Study 

Community baaed 

Cross-sectional 

United Stales 
n= 1.116 

66-93 years 

Both genders 

“IMT = In timal-medial thickness. 

’ARIC - Atherosclerosis Risk in Communities. 

*OR - Odds ratio. 

*C1 - Confidence interval. 

^.igarefte-years =■ The number of years of smoking multiplied hy the number nf cigarettes smoked per day. 

’Maximum common carotid artery wall thickness. 

“Maximum internal carotid artery wall thickness. 
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Main results 

Comments 

Progression of IMT* over 2 years: 

Smokers 0.21 rum increase 

Nonstnokers 0.09 mm increase 

Differenres remained significant after 
adjusting for age, lipids, leukocyte count, 
and platelet aggregabillry 

P(.i i.rnrngi; i <..i fcrcenttgu w it:; 

LJtruiid kem rig pLip:'.' 

. Snvikrr- 3b . 10 

' Nonsmukus -23 h •' 

1'he a locution wav significant aftn niljusutig 
tur age blood ptoviun:. jnd Ji;.ru!s 

Multi vacate adjusted OR 1 of carotid atherosclerosis 
(high IMT) (95% CP) 

Ever vs. never smokers 3-1 (2.1-4.6) 

Current vs. never smokers 3.9 (2.9-5.S) 

Cases and controls were matched for age. 
gender, race, and center, with additional 
adjustments for all other major risk factors 

Llyj:i.:rn , ;>«:ai:v 1 ' wrjv slumgiy <ixs(.h Utrxi wlifi llir* 
i iuix .1 r i ai i’vrr rit - o i z:<. p - 1. >' ooo i j ' • • . 

AtIjifiled f-»r age, mitJiul.iior y Mr«.xl prvsMiiv, 

. v.Tum low di.Tvmy lipo jro'i'ln i'h'.»U«(t‘ro1, 
hiMurv nf RrfK-rnir !>m I illu'a:-.e. pti'-rxrrt i.st* '' 
ays'olic hkod pre'Si.u’ej and diabet*? 

Perrenrage nf in f emal perrentageof 

carotid artery stenosis current smokers 

0 23 

1-15 26 

>16 32 

The increasing percentage of current smoking 
with higher levels of stenosis remained statisti¬ 
cally significant after adjusting for main risk 
Factor?; 

. ‘invoking'.talus 

Ciirnr.d IMT (mmi Never . Tofiei C.nrreiu 

Max-mum ccmmoii* 0.SP, 1.0,1 . ' 1 01 

M.». rjiuni Jult'i n:»l” 1.39 1 Mi 1.V! 

M ; 1*., m 1 L« MU. . 1 IMS f-fe) l C 20 2-1 

* ■ • !i v . • -.i i- ir.mr 

- i ■ - . .• : i • • ■ .v , i .1 i -. .icror- 

Multivariate adjusted OR for carotid stenosis 
comparing current with never smokers 

Men 2.81 (p = 0.002) 

Women 3.07 (p-0.0001) 

There was a statistically significant linear 
dose-response relationship with the amount 
smoked 
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Table 3.3 Continued 


Study 

Design/papulation 

Age/gender 

Howard eta). 1004 

ARIC’ Study 

Community-based 

Cross sectional 

United States 
n = 12.953 

45-64 years 

Both genders 

dinner, er »l T'JIM 

Tnhr.n drum ‘sc vrii C'()iiniric.>.S|>;ily> 

hinlonri 
ri ■- 182 

to as'. v"jr: 

M-n ' , 

Delcaro r ■ al i by.' 

Com m ij lily hiisrvt inrili 

Cnhorr 
iMlV 
:i - 4/2 

4:'' 6C %>!.jr*< 

Ri. lli gi ridi tv 

Dv.x Roux rl ul lil9 5 • 

ARIL' Sfitdv fWiislilngtonCounHl 

C onu mt ruty- based , 

rliatuviCwl cohort 

l/jliter! Shll'f* 

.n' 211/3 

yrsrs 

lit it h genders 

Ronlthnn-Kopp et al. 1996 

European Vascular Aging Study 

C ommu nity-based 

Cross-sectional 

France 
n = 1,384 

59-71 ytsns 

Both genders 

VV'.-i vt d 1. 1000 

Community Ktv.tl 

Colton 1 • 

Sari Atiromo. 'kxas ICnlnx! Stated, and 

Md l t> C it y. Mexi i o 
n - 837 ' ' 1 

3,i 04 y i *n s 

BtJill genders 

Hu ward et al. 1 OUoa 

ARIL Study 

C □ mm unity-based 

Cohurt 

United Slates 
n= 10,914 

4i-64 years 

Both genders 


*IMT - InUmal-medlal thickness. 
r AR1C = Atherosclerosis Risk In Communities. 
r -ETS = Environmental tobacco smoke. 

"Pack-years = Tlienumber uf ymuv> uf smoking multiplied b y Lite i mi iibei uf packs of lig.ueUcj. uuiuked pci day. 
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77 ir> Htalr/l Cansrqtientvi ofSnnking 


Main results 


Comments 


Never smokers 
No ETS 1 * exposure 
Willi ETS exposure 
Former smokers 
Current smokers 


Mean IMT* (mm) 

0.693 
0.705 
0 756 
0.761 


[.j lOaii rclii'ivc risk for ruirenl drinking - 2.46 
.'U5 0- '' L l, 0.94 -6.451 with n:mnvn«-.r;ili7f*ri .I'hcroma 

• f 0.2? 6 58) with ;my ml , 'or,ilJx;irJ(>n; l 
. • i . i -1 . - .. i;J ;h.V'' f; 0 jiJi 4 (.«} wuh 
I . i • jrhernm.i and I l:» i'lVl- Cl. 0 37 ‘i ■i/’J :- 

• 1 to at ion ' 


The pr ■ :>f (*uv>ti.| Iimims Vlutnjr* 

in IMT lulv Jirgh'.'i 1 :. sjimki-rs iJuu In 

nonsm-..ki-rs. Inji diflm'iin's weir n-ir iMl I'll! rally 


C.-mitid IMI v.vjn ussoeined wiili both tujrviU smok 
in^ and smoking $u<t>_s 1 j yean. hoJbie the ultrasound ■ 

inodiiTrnu.-ar 


Cm i eni yinnkers i-v) 


Cominun carotid IMT tortile 

No plaque 

Plaque 

Lower (<0.58 mm) 

6.4 

12.5 

Medium (0.58 0-68 mm) 

8.7 

15.0 

Higher (>0.68 mm) 

11.1 

11.4 


Among current rmnicers j-. t n.ljOlik mm ip - 0>,-1} for 
IMT for roimrinn ctrr.riH irtrrii's and [I - 0 fiM-K mm 
fj> - iHU* tor intirnal cjrmid Arteries 


Adjusted IMT 
progression, (ptn/3 years) 


Never stnnkprs 

No ETS exposure 25.9 

With ETS exposure 31.6 

F omicr smokers 

No ETS exposure 32.8 

Wtth ETS exposure 38.8 

Current smokers 43.0 


Among former *nd current smokers, more 
pack-years” of exposure were associated 
with an iitcn-.u ijd IMT 


Adjuitotl for (tcmljnncn i.yl. rl|n|r <1 :*m| 

imninl/Lt. and nu\v pi eviurr (mm Ifoj • 


ETS exposure, t il hor cut min out with or lj 
yeLin. b:foi i:u- utuasojud ntvcE>uronu:nt. 

V. a.% jl.ti i/i Li.d Willi i oxotid IMl 


riiifeieftr^ wt-re stain-iir /illy significant 


Adjii-.tod for ogr. gender. ruy. dl.tbytes. 
r:*;V arid hl ( ~h densitv lip.-pron'ln 
■'Jir.J.-jti’rr-f, systolic hloixl pressure, 
and iriii’ya nhs 


Tne association between smoking and IMF 
was strongest among persons with diabetes 
and persons with hypertension 
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Table 3.3 Continued 

Study 

Design/population 

Age/gender 


Davis et al. 1999 

Community-based 

Cohort 

United 5tates 

n * 182 m-f and 136 women 

33-42 years 
Both genders 


lispddndet.il 1999 

C-ySr-rnmi'ol 

[’o|.ijllliniili.|<i‘<i 

yi'.ns 

I’nlli gi-tldci •. 

1 


Du ire-' 1 Lkiu's . , 

. a : i'TMlli -Mvrs V.irh GIG. jtPnosis >j( 

• :1 vujii'i. 139 toJiLro'.i with no kj.rn.-n 
iirCJUJjf . 



*LMt = Urtlmalrciediat thtckr,** > 





documenting an increased prevalence of advanced le¬ 
sions and a decreased prevalence of intermediate le¬ 
sions In young smokers compared with nonsmokers. 
Data from the Bogalu*a Heart Study (Berenscm at al. 

1998) and from the Pathobiological Determinants of 
Atherosclerosis in Youth (PDAY) Study (Strong et al. 

1999) show that cigarette smoking by young people 
remains associated with atherosclerosis. Both studies 
involved careful assessments of the extent of athero¬ 
sclerotic lesions found in young victims of rrauma. 
Berenson and colleagues (1998} described the associa¬ 
tion between atherosclerosis and smoking among 93 
participants in the Bogalusa Heart Study who had died 
and were autopsl&d. Antemortem risk factor informa¬ 
tion was available from study records; most died from 
trauma at a mean age of 21 years Smoking was asso¬ 
ciated with fihrous plaques in the aorta and fatty 
streaks in the coronary vessels even at this young age 

The PDAY Study is a multtcenter autopsy study 
of atherosclerosis in trauma victims aged 15 through 
34 years. Even among the youngest persons in the 
study, atherosclerotic lesions were found in the aortas 
of nearly all persons and In the coronary arteries of 
the majority (Strong et al. 1999). The extent of athero¬ 
sclerosis increased with age Several analyses of the 
PDAY specimen data have shown that active smoking 
was associated with the extent of atherosclerosis 
(PDAY Research Croup 1930; Zieske et at. 1909; McGill 
et al. 2001}. McGill and colleagues (2001) reported on 
the findings in 629 men and 227 women, and they 
found Thai smoking was associated with atherosclero¬ 
sis in the aortas but not in the coronary arteries. Zieske 
and colleagues (1999) carefully examined coronary 


arteries from 50 smokers and 50 nonsmokers In the 
study. They found that smokers were twice as likely 
to have advanced lesions as nonsmokers, suggesting 
that lesions progress- more rapidly In smokers 

New imaging techniques are now being used to 
noninvastvely assess markers of early coronary artery 
disease. With recent technological advances, it is now 
possible to conduct epidemiologic studies of the pres¬ 
ence of coronary calcium as a surrogate for the pres¬ 
ence of atherosclerosis in coronary arteries of healthy 
asymptomatic persons The presence nf calcium in 
plaques Is an indicator of atherosclerosis. Using com¬ 
puted tomography (CT) techniques (l.e., helical CT Dr 
electron-beam CT [EBCT]), researchers can directly 
study subcllnlcal atherosclerosis In coronary arteries. 
Studies measuring coronary calcium in epidemiologic 
settings (l.e.. In population-based samples of asymp¬ 
tomatic persons) are In progress, hut only a few smrl- 
tes with selected samples have been published. In two 
studies with samples that included adults selected 
because of the presence of cardiovascular risk factors 
but not necessarily a history of a clinical event (Goel 
et al. 1992; Wong et al. 1994). a history of smoking was 
significantly associated with the presence of coronary 
calcium in multivariate analyses 

In contrast to these results, studies of clinical 
populations (i.e., patients with acute coronary syn¬ 
dromes) show an inverse association between smok¬ 
ing and the presence of coronary calcium measured 
by EBCT (Schmermund et al. 1998). Furthermore, an 
other study rrom an employee screening program of 
French men (Simon et al. 1995) found no association 
between current smoking and coronary calcium 
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'I he Health Consequences of Smoking 


Main results 


Pack years nf smoking were significant risk factors 
for carotid IMT* in men (0 = 0.0018. standard 
error - 0.0000 (p <0.05]) 


•MV ali [mi ii<" jxi L *■ r g ‘ jrn/pick yenrs) 
was <::-MK‘ial’wi v. • i .■> mm - 0 -l i: {p • l?.H)fl|j 

IM I’tmea.se:. m 1 ivs rmfv n J f. I in: - , i 1 i.r4 
•jp -rtl IXJDI; in-rr IL . •.-ACiixurvd 


measured with ultrafast CT. fn this same group the 
degree of extracoronary plaque found in carotid, aor¬ 
tic, and femoral arteries based on ultrasound measure¬ 
ments was strongly associated with smoking. The 
authors interpreted the contrast between the results 
for coronary calcium and extracoronary plaque In 
this study as a reflection of the fact that coronary cal¬ 
cification represents a more advanced lesion than 
uncakified plaque, and may be influenced by the cu¬ 
mulative, long-term effects of smoking rather than by 
a current exposure ro tobacco smoke (Simon et af 1095). 

Evidence Synthesis 

Recently developed techniques can measure 
markers ofsubclinlcal atherosclerosis in healthy per¬ 
sons in community settings. These techniques have 
now been applied in a number of cohort and cross- 
sectional studies with repeated findings of a higher 
frequency of abnormalities in smokers. Consistently, 
both cross-sectional and cohort studies measuring ca¬ 
rotid artery wall thickness or the AAI have demon¬ 
strated strong, dose-response associations between 
smoking and the presence and progression of subc fini¬ 
cal atherosclerosis. Results from earlier autopsy stud 
ies and the PD AY and Bcgalusa studies also suggest 
that smoking affects the progression of intermediate 
to advanced atherosclerotic lesions ar early ages. 
Knowledge of the underlying mechanisms by which 
smoking causes atherosclerosis adds plausibility to 


Comments 

Adjusted for age, systolic blood pressure, and 
low-density lipoprotein cholesterol 


AcV i jsiw) ( '- r "irirxi pitsv.ire. gi>;ensn 

lij/ld'. imr; I ln«livr IMTsfrrs in 
rluik'd in i .• srifiii.c hJfun fiTion 
.wilts. .nl■ . ■ v,t6n1\. no ir wall'-, an*! 

far wf I Is i 


these observations. Smoking has immediate adverse 
effects an the homeostatic balance of the cardiovascu¬ 
lar system. 

Studies using other markers, such as the pres¬ 
ence of silent brain infarcts or white matter disease 
detected by an MRI or coronary calcium measured 
with CT, have been less consistent in their findings, 
possibly because of the limitations imposed by their 
cross-sectional nature. Longitudinal studies in progress 
will provide further data for examining the associa¬ 
tion between smoking and the development and pro¬ 
gression of these subclinical markers. 

Conclusion 

1. The evidence is sufficient to infer a causal rela¬ 
tionship between smoking and subclinical 
atherosclerosis. 


Implications 

Cigarette smoking has a causal relationship with 
the full natural history of atherosclerosis from the time 
that it can be detected by sensitive, subclinical mark 
era to its late and often fatal stages. The new findings 
on subclinical disease indicate the potential for pre¬ 
venting more advanced and clinically symptomatic 
disease through quitting smoking and maintained 
cessation. 
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Table 3.4 Studies on the association between smoking and clinical peripheral arterial disease using the 
ankle-ann index (AAI) 

Study 

Design/population 

Age/gender 

Newman et al. 1993 

Cardiovascular Health Study 

Comm unity-based 

Cross-sectional 

United Slates 
n = 5,201 

>65 years 

Both genders 

Km jiltzer et al. 1:)95 

()r■; 11 p Jtic-rial cu 1 ion 

Crnv. srctlcnr.l ■ 

My Hun 

II - Z,(J?3 

40 bS years 
[vVr. 

Curb et al. 1996 

Honolulu Heart Program 

Retrospective cohort 

United States 
n - 3.450 

71-93 years 

Both genders 

lljuiecaJ. 1WW 

l.lmburg Pet iphr-nl Arterial f toil drive 
Dijeiur; t.J’AUDJ Srudy 

. Community 

Cl'OL-S seaiofull 

Naiier kinds , 

7i - 3 b50 

40- 7 K years 

Both genders 

Shinozakiet al. 1098 

Occupational cohort 

Cross-sectional 

Japan 
n « 446 

43 yeara Utican)^ 

Men 

Mh-,1 tzot.il :SRjy " 

Strong 1 lean Smdy 
( oriimiititry hi'xri 

Aineiirun Indians 
: Cross stcririnnl 

Urill.-d Sli.lcs 

•.-.4 :)49" 

4.1-78 veers 

R<irhgAruli>r« 

*OR 3i Odds ratio 

’Cl = Confidence interval- 

'ABl = Ankle/brachial blood pressure Index. j 

^Pack-years - The number of years of smoking multiplied by tl>e number of packs of cigarettes smoked per day. 

A No age range was provided. 
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Table 3.5 Studies on the association between smoking and the presence of subclinical cardiovascular 
disease using brain magnetic resonance imaging 

Study 

Design/population 

Age/gender 

Breteler et aJ 1994 

Rotterdam Elderly Study 

Co mm unity-based 

Cross-Sectional 

Netherlands 

n- 111 

65-84 years 

Both genders 

I.cijigiTifih rr <j|. JO06 • 

c:ns 

Co'V i m U n 1 n ■ br;SL*d 

Cios> i.jI 

Crilled Stijfi's 
n %3t>J 

•'.(15 yrars •: ■ 

Boih genders 

Ywrifeliiuu-i jJ 

Ci 0 :.i sectional 

Jau«ui 
u - 246 

50-75 years 

Men 

JiaueiaJ l!'y/ 

AKlC'Siuiy 

Cross-sec lion h1 

Cojiinuiiiiiy-b.ised 

UnitedStated 

Hi-/ o yivns 

Belli Hinder - 

Howard et al. 1998b 

ARIC Study 

Co miTHjn Ity-based 

Cross-sectional 

United States 
n « 1.737 

55-72 years 

Both gendera 

f ongstren ei a \. I i.rjs 

r J IS 

rnrrimimiy hnsc-fl 
t’rosb secrional 

United Slui.r-s , 
r. - I.KOI 

s'f'i vears • ... 

' iWo jjfndoi s 

’WML = White matter lesion. 

’CHS * Cardiovascular Health Study 

‘Pack-years <= The number of year* of sinof a i j, multiplied by the number of packs of cigarettes smoked per day. 

S ARIC = Atherosclerosis risk m community. 

4 HDL - High-dcnsity lipoprotein. 

’BM| ^ Body mass Index 
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Ihe Health Consequences of Smoking 

Main results 

Comments 

Adjusted OR* for the AA1 <1.0 associated with 
smoking was 2.55 

All differences w-ere statistically significant 
even after adjusting for all main risk factors 
(history of diabetes, increasing age, nonwhite 
race) 

Ar\T ■■ iJ.rtC v. a <; sign 1 fleanr'v nssorlan*rl wli]i smok 1 no 

In ;nii'TjvirtiiTc aniik'xerv rhr o-viori.il■ no with 

smoking was nor sit'.nlfirvnt if; ’ 0 09! 

Adjusted OR '»t,% j lor the ABB <0.9 measured in 
1991-1943 w-iv associated with current smoking: 

Cms i'-'Li.illy (vinuking in 1991-1993); 4.32 

(2.92- G i'li 

Longi"idi.t-illy K i/Hn.gin 1965-1968): 2.82 

f? 15- ir.nj 

Pack-years 1 were also associated with AAi in a 
dose-response fashion 

Amorg peis».i..= without jtnermiiiiJi. daudjcatuu, 

AU[ '.■J.!.!.? sv.ii. significant! v SisofMteJ wiiii smok "rg 

jrjiukin*; wii mere '.irongly Awidaccd will, 
symptomatic tlut: wttJi asvcjpiointilit IV\QI> 

Adjusted OR for AAi < I.U associated with smoking 
was 1.74 (95% Cl. 1.31-2.99) 

None 

A low AAI f'-O.tt) was significantly .v^wlated with 

V iifTif clpiirr-TTf 1 \mnk1ng ::nrf \vl*n firi'k'years 

.-•••••. i i• ■ i •. i. ; • . onnlysf-s 

. - ,f . ' " • .. . 

albuminuria {micro and riiiirroi. low density 
li[K>}?m1*-i» cluiliViO-nl h:\-. l Hrni fibril 

l-'vel 
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No association was observed between the presence 
of WMLs* and current or former smoking after 
adjusting for age and gender 


!n .111 jUm'-. : uiiiJNicil .'uj >j| r».* <«ml rider. evil smok 
niC Ctijaftilleti Ip '.U fXH j iind rnuiv p.jt k yv.-ii'-' f 
Smoking Ip -.O.fJf/: were associated with WM1. gre.de 


Lagareii'' ■-rji-’ki ikj w-v- r:r>t n/Jiited to silent hr. 
Infarct" ■. is 


Thr. Heafrh Consequmces of smoking 


No substantial change in tiie results was found 
after further adjustments for a previous stroke 
and myocardial Infarction 


aljUjlnH-nls '.Vei <: jjhvilknio 
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Study 

Design/population 

Age/gcnder 


Shintani et al. 1998 

Hospital- b ased 

Cross-sectional 

Japan 
n - 270 

40-67 years 

Both genders 


Smoking, Coronary Heart Disease, and Sudden Death 




A,y-.. r.m*. ami geir-im ailjvMv.i proportionally 
hy.WMl gra.>" ' 1 . 

i WML giade _ 

Normal Mild MoJc.-JC Severe • 

■ . U 1 2 '• ?, b 

^inokiiijj! status 

Current smokers 12.3 45.'J 24.5 ■ JK.i 

Former smokers :| 1.14 52.5 22.9 1 i.i 

N*v«-i Mi.«.<hv(l itj.s 4 ? a if.;! n).y . 

Odds ratios (OR) for silent cerebral infarctions: 

Oft OR when adjusted 
for other risk factors 


Linear 1 re:id was Mat isih ally s'gnitHai J 
ip-0 Out; 


Smoking status 
Nonsmokers 
Smokers exposed to 
environmental tobacco 
smoke 

Former smokers 

Current smokers 


I i 

1.03 1.06 


1.32 1.16 

2.13 1.88 


In midUscs jrijusfi’d for ;tty: widgt ndur. jMCk-yeyi^ 


Cigarette smoking had a significant Ordinal 
association (p - 0.029). other risk factors 
Included demographics, cerebrovascular 
disease risk factors (HDL\ triglycerides, 
hypertension, and diabetes), and lifestyle 
Factors (fat and alcohol intake. BMIV and 
physical activity) 


Epidemiologic Evidence 

Coronary Heart Diaease 

CHD results from atherosclerosis of the coronary 
arteries. Atherosclerosis is evident in persons as young 
as 20 years of age but becomes more severe with clink 
catty evident manifestations in middle to older adult¬ 
hood. The category of CHD includes MI. ischemic heart 

disease, and angina pectoris. Ml results from an Inter¬ 
ruption of blood Flow through the coronary arteries to 
the myocardium, with acute Injury and then scarring 
and permanent damage to the heart muscles. Ninety 
percent of those who die from sudden cardiac death 
have at least two coronary arteries with about 90 per¬ 
cent occlusion. Angina pectoris refers to the chest pain 
3 person experiences resulting from a lack of blood 
flow to the heart muscle. 

The United States has experienced an epidemic 

of CHD for the past 50 years, and CHD remains the 
leading cause of death for Americans. In 2003, an esti¬ 
mated 1.1 million Americans had a new or recurrent 
coronary attack (AHA 2002). In spite of treatment ad¬ 
vances, the prognosis after a coronary event is still 
poor, as 25 percent of men and 3B percent of women 
die within one year after a recognized MI. Due to pri¬ 
mary and secondary prevention interventions and 
better quality of care for CHD. age-specific death rates 
from CHD have been substantially declining during 
the last Four decades (Gillum 1994). However, com¬ 
pared with a decline of approximately 25 percent In 


rates between 1978 and 1997 In the United States, the 
actual number of deaths has only declined by approxi¬ 
mately 9 percent over the same period because the 
American population Is aging. Although 85 percent of 
those who die of CHD are 65 years or older. CHD also 
affects younger adults. In Americans younger than 65 

years of age, approximately 80 percent of CHD mor¬ 
tality occurs during the first coronary event (AHA 
2002 ). 

Previous Surgeon General's reports have re¬ 
viewed the evidence firmly establishing that smoking 
is a major cause of CHD (USDHHS 1999). Since these 
reports, there have been several additions to the large 
body of evidence previously considered. First, the new 
data support a causal association between smoking 
and MI across various racial and ethnic groups 
(USDHH.S 1998). Second, smoking has been irienrifled 
as a strong risk factor for Ml In women younger than 
50 years of age (Rosenberg et al. 1985; Croft and 
Hannaford 1989), even though the incidence of MI is 
very low in this population. A case-control study of 
women younger than 44 years of age (mean age 41 
years) found that the OR for MI showed a strung duse- 
respnnse relationship, with a risk of 2.47 (95 percent 
Cl, 1.12-5.45} for those smoking 1 to 5 cigarettes per 
day and rising co 74.6 (y5 percent Ul. 33^169) tor those 
smoking more than 40 cigarettes per day compared 
with nonsmokers (Dunn et al. 1999). The reported 
population attributable risk for tobacco use and MI in 
this group was 73 percent, Tlilrd. In data on female 
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The Health CotiSetfuenrcs of Smoking 

Main results 

Comments 


There was no association between silent lacunar 
infarctions and smoking habits with or without 
adjusting for other main risk factors (serum levels 
or total cholesterol, HDL cholesterol, triglycerides, 
lipoprotein (a), hemoglobin Ah:, age, gender, systolic 
blood pressure, diastolic blood pressure, duration of 
hypertension, family history, alcohol intake, obesity 
[BMll. and atrial fibrillation) 

None 



smokers from the study by Prescott and colleagues 
U998). the highest risk f&.8) for Ml was in women 
younger than 55 years of age. Fourth, prospective co¬ 
hort results based on approximately 1,100 coronary 
disease events observed in a 14 -year follow-up of about 
86,000 women from the Nurses Health Study (Stampfer 
et al. 2000} showed strong dose response relationships 
between the number of cigarettes smoked per day and 

the risk of CHD. The adjusted RRs of CHD for former 
smokers, for women smoking 1 to M cigarettes per day, 
and fur those smoking 15 or mare cigarettes per day 
were I.S5, 3.12, and 5.48, respectively, compared with 
lifetime nonsmokers. A further analysis of the Nurses 
Health Study suggests that the reduction In smoking 
observed in this cohort from 1980-1994 explains about 
13 percent of the concurrent decline In CHD Incidence 
(Hu et al. 2000). Finally, whereas most of the earlier 
evidence has come from studies In populations or pre 
dominantly European origin, recent studies have also 
demonstrated that the association between smoking 
and CHD is of a similar magnitude in other ethnic 
groups, such us African Americans (Liao ct al. 1999; 
Rosenberg et al. 1999). 

A recent meta-analysis summarized the cohort 
studies that measured the effect of smoking cessation 
on mortality after having an Ml (Wilson et al 2000). 
Thirteen studies meeting the analysis criteria were 
reviewed. The combined OR in former smokers com¬ 
pared with current smokers, based on a random ef¬ 
fects model for death after MI, was 0.54 {95 percent 
Cl, 0.46-0.62). with no significant heterogeneity among 
the studies. There was no difference In the OR for stud¬ 
ies published before and after 1980. The results did 
not vary by gender, age. country in which die study 
took place, or the quality of the study. 
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The beneficial impact of smuking cessation on 

survival alter acute Ml is well established. Several re¬ 
cent studies show that cessation is beneficial at the time 
of and after percutaneous coronary artery vascular¬ 
ization for CHD. At the lime of revascularization, sub¬ 
stantial differences between risk factor profiles in 
smokers and nonsmokers have been observed. About 
one-third of those who receive percutaneous coronary 
artery vascularization are current smokers, and 50 to 
60 percent continue to smoke after the procedure. Prob¬ 
ably because of the thrombogenic properties of tobacco 
smoking, smokers tire usually younger, have had an¬ 
gina for a shorter period of time, and have more fa¬ 
vorable profiles for other traditional cardiac risk fac¬ 
tors, such as hypertension and hypercholesterolemia, 

than their nonsmoking counterparts. This more favor¬ 
able risk factor profile may explain the better outcomes 
for smokers found In several studies (Barbash ei al. 
1995). 

For studies of outcomes after percutaneous coro¬ 
nary artery vascularization, careful consideration 

needy to be given as to which measure to u3C. Ecctiuac 
cigarette smoking may Increase the rate of restenosis, 
using repeat percutaneous coronary artery vascular¬ 
ization procedures or coronary artery bypass surgery 
as the outcome is problematic However, many physi¬ 
cians are reluctant to recommend invasive procedures 
for patients who continue to smoke, even if their symp- 
toms return (Underwood and Bailey 1993). One of the 
largest studies with a broad assessment of outcomes 
is based on 5,437 patients svho had a successful percu¬ 
taneous coronary artery revascularization and were 
fallowed for a mean of 4.5 years. (Hasdai e.t s»l 1997). 
Persistent smokers were at significantly greater risks 
for electrocardiographic ally confirmed Infarctions 
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and death than were nonsmokers, and this trend was 
evident when compared with those who quit smok¬ 
ing after the vascularization. Persistent smokers were 
less likely to have a repeated percutaneous procedure 
or coronary bypass surgery than were nonsmokers, but 
this difference could be due to a reluctance by clini¬ 
cians to recommend invasive procedures for those who 
are still at a higher risk for atherogencsls as a conse 
quence of smoking (Hasdai et al. 1997). 

Dose-response relationships between tobacco 
smoking and CVD have been readily established for 
the highest levels of dgarette smoking, but most stud¬ 
ies have not had a sufficient sample size to assess the 
level uf risk foj Lliuse smoking only a few cigarettes 
per day. A recent report assessed 25-year mortality 
rates for the 12,763 men In the Seven Countries Study. 
Compared with nonsmokers, those smoking one to 
nine cigarettes per day had a hazard ratio of 1.2 (95 
percent Cl, 0-99 1.44) for CHD, 1.3 (95 percent Cl, 0.51- 
3-28) for other arterial diseases (Jacobs ct al. 1999), and 
1.3 (95 percent Cl, 1.17-1.43) for total deaths. Ail of 
these results were adjusted for baseline cohort of resi¬ 
dence. age. BMI, serum cholesterol, systolic blood pres¬ 
sure, and the presence of clinical CVD. 

During the past 40 years, there have been numer¬ 
ous changes in cigarette design and manufacturing, 
with sharp declines in tar and nicotine yields accord¬ 
ing to measurements based on Che Federal Trade Com¬ 
mission protocol (National Cancer Institute [NCI] 
1996). During this same interval, a number nf case- 
control studies have assessed cigarette type or tar and 
nicotine yields and the risk for CVD including Ml. 

CHD mortality, and stroke. The possibility that lower- 
yield products might be associated with lower risks 
for Cl ID draws plausibility From the postulated roles 
of both nicotine and carbon monoxide In increasing 
the risks for ML 

However, studies conducted since the 19B0s have 
not consistently found lower risks for CHD In smok¬ 
ers of lower-yield cigarettes (Table 3.6). For acute MI, 
Urge case-control studies show that risk does not vary 
with measures of tar. nicotine, or carbon monoxide 
yields. Several cohort studies do show lower mortal¬ 
ity rates from CHD among users of lower-yield prod¬ 
ucts, but the effects are small. The American Canter 
Society Canter Prevention Study 1 (CPS-1) found that 
smokers of lower-tar cigarettes had slightly lower 
mortality rates from heart disease compared with 
smokers oF high-tar cigarettes (Hammond et al. 1976). 
In contrast, neither a case-control study of men 
(Kaufman et al. 1983) nor that of women (Palmer et al. 
1989) found any association between cigarette tar 
yields and the risk of nonFatal ML and a case-control 
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study from Italy conducted in the late 1980s also failed 
to identify a clear trend between cigarette tar yields 
and risks of acute MI (Negri et al. 1993). 

Several more recent studies have found that low- 
tar cigarettes appear to slightly lower the risks of CHD 
associated with tobacco smoking {Tang et al. 1995). 
Four cohorts of British men (n - 56,255) first enrolled 
In 1967 and followed for an average of 13 years were 
assessed for all-cause and CHD mortality. An esti¬ 
mated 18 percent of the cohort who smoked manufac¬ 
tured cigarettes reported smoking primarily plain (un- 
filtered) cigarettes. The RR for CHD (0.76 [95 percent 
Cl. 0.56-1.03]) was lower among Filter-tipped cigarette 
smokers compared witli smokers of plain cigarettes. 
Point estimates for mortality from each smoking- 
related disease were consistently lower for filter-tipped 
cigarette smokers than for plain cigarette smokers, 
but only the relative mortality for all smoking-related 
diseases was significantly different (RR = 0.83 [95 per¬ 
cent Cl, 0.68-1.001). Another major study investigat¬ 
ing the impact of low-tar cigarettes on CJ ID was based 

on 13,926 cases and 32,389 controls in the United King¬ 
dom sample of the International Studies of Infarct Sur¬ 
vival clinical trial {Parish et al. 1995). Tar yield was 
classified based on selF-reports of the brand of ciga¬ 
rettes usually smoked. For this cohort, almost all 
smoked filter-tipped cigarettes, and 25 percent used 
low-tor brands. Because a reduction in tar yields had 
already occurred by the time of the study, no partici¬ 
pants were classified in the hlgh-tar category. With 
standardization for age, gender, and the daily number 
of cigarettes smoked, the Incidence of MI was 10.4 per¬ 
cent liigher in me ilium-tar compared with luw-tar ciga¬ 
rette smokers (p = 0.06). Among persons aged 30 

through 59 yeara, the incidence was 16.6 percent higher 

(P a 0.02). 

There has been a continued suggestion that the 
association of smoking with CVD risk and. with CHD 
risk specifically could reflect an Inadequate control nf 
confounding by lifestyle-related risk factors. Counter¬ 
ing this argument are the findings of many studies 
showing that core folly controlling for these other risk 
factors does not substantially change the strength of 
the $moking-CVD association. A recent analysis from 
the Cancer Prevention Study II (CP5-H) of more than 
900,600 adults examined the changes In relative end 
attributable risks for CHD associated with smoking, 
comparing models that only adjusted for age with 
models that also adjusted for other risk factors {Thun 
et al. 2000). The risk estimates for CHD outcomes were 
unchanged with multivariate adjustments for poten¬ 
tial confounderx in both men anti women and younger 
and older persons The total number of annual CHD 
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deaths in the United States attributable to smoking 
changed from an estimated 91,500 in the age-adjusted 
only model to an estimated 94,200 in the multivariate 
model dial controlled for aspirin use, alcohol consump¬ 
tion, BM1, physical activity, and dietary fal consump¬ 
tion. Thus, controlling for major risk factors had little 
uuiiMiHueiice, and it Is doubtful that there would be 
substantial residual confounding by other factors, 
whether known Dr still unknown. In fact, it seems un¬ 
likely that there are still unknown risk factors that have 
both sufficiently strong associations with cigarette 
smoking and sufficiently strong effects on CHD risk 
to be important confounders of the smoktng-CHD as¬ 
sociation. 

Sudden Death 

Sudden death is the sudden, abrupt loss of heart 
function in a person who may or may not have a diag¬ 
nosed heart disease, fur whom the time and mode uf 
death are unexpected, and for whom death occurs In¬ 
stantly or shortly after the onset of symptoms (AHA 
2002). Sudden cardiac death Is usually due to cardiac 
arrest from untreated cardiac arrhythmias, and it may 
have been the first manifestation of CHD. 

Cigarette smoking might increase the risk of sud¬ 
den cardiac death by increasing platelet adhesiveness, 
releasing catecholamines, causing acute thrombosis, 
and promoting ventricular ectopy (arrhythmias). The 
morphology of cardiac vessels is different In smokers 
than In nonsmokers who die suddenly from coronary 
disease. Smokers are more likely lo have acute throm¬ 
bosis than stable plaques at the Lime of death, but the 
frequency of plaque rupture and eroded plaque that 
cause thrombosis is the same In smokers and non- 
smokers (Burke et al. 1997). Evidence also indicates 
that nicotine affects the conductance or myocardial cell 
channels, providing a plausible mechanism for the 
putative association of cigarette smoking (and smoke¬ 
less tobacco use) with arrhythmias and sudden death 
(Wang et al. 2000). 

Cigarette smoking has been associated with sud¬ 
den cardiac death of all types. During 26 years of 
follow-up in the Framingham Heart Study, there were 
177 sudden deaths in men and 50 in women. One-half 
of the deaths In men and 75 percent of those In women 
occulted without evidence of prior CHD. Smokers had 
a RR of 2.5 compared with nousmokers (p -cO.GQl). and 
men had a liigher RR fur smoking than women (Kaxmel 
et al. 1975)- In the Nurses Health Study, women who 
smoked more than 25 cigarettes per day died of CHD 
at a much higher rate than nonsmokers (RR - 5.4 
[95 percent Cl, 3.0-10.4]). but the risk was similar for 


The Health Consequences of Smoking 


nonfatal Ml (RR - 5.8 {95 percent Cl. 4.2 -8.0]) (Willett 
etal. 1987). A case-control study of Tasmanian men 
found a threefold increase in the risk of sudden, unex¬ 
pected cardiac death from current smoking (Sexton ct 
al. 1997), In a study based on the National Mortality 
Followback Survey, current smoking was associated 
with an adjusted OR of 1.8 (93 percent Cl. 1.Z-Z.7) for 
sudden death in those without a history nf CHD 
(Escobedo and Caspersen 1997). Although many stud¬ 
ies document the relationship between tohacco smok¬ 
ing and sudden cardiac death, the association does not 
seem to be stronger than the relationship between 
tobacco smoking and MI or CHD in general. 

Nicotine has well-characterized effects on the 
cardiovascular system and increases heart rate through 
activialion of the sympathetic nervous system 
(USDHHS 1988). Smoking is associated with increased 
risk for sudden cardiac death in men and women 
(USDHHS 1983; Albert et al. 2003). This association 
might reflect underlying arthero sclerosis caused by 
smoking and possibly an effect of nicotine itself. 

Congestive Heart Failure 

Smoking-caused CHD may contribute to CHF. 
In contrast to CHD and stroke, the incidence of CHF 
Is increasing. An estimated 4-0 million Americans have 
CHF. and 43.000 persons die From CHF every year. In 
the third National Health and Nutrition Examination 
Survey (NHANES), the prevalence of CHF ranged 
from 6.2 percent for men between 55 and 64 years of 
age to 9.8 percent For men over 75 years of age. The 
corresponding figures are 3.4 percent and 9.7 percent, 
respectively, Tor women (AHA 2042). 

Since tobacco smoking has been causally linked 
to MI and CHD, it is reasonable to consider the extent 
to which smoking may contribute to causing CHF. 
Within ri* yean; of a recognized MI, 22 percent of men 
and 46 percent of women will be disabled with heart 
failure (Ho et al. 1993). Survival after the onset of CHF 
is poor. According to Framingham Study data collected 
between 1948 and 1988. five-year survival rates are 25 
percent for men and 38 percent for women with CHF 
(Ho et al 1993), In the first NHANES Epidemiologic 
Follow-up Study, cigarette smoking was an indepen¬ 
dent risk factor (RR - I 59 (95 percent Cl, 1.39-1.83]) 
for the development of CHF over the 19-year follow¬ 
up (He et al. 2001). The estimated population 
attributable risk for tobacco smoking was 17.1 percent, 
itigher than any other risk factor with the exception of 
pre-existing CHD. This estimate maybe low because 
the contribution of tobacco smoking to pre-existing 
CHD was not included in this estimate. Since CHD is 
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Table 3.6 Studies cm the association between smoking low-yield cigarettes and the risk of caidiovascular 
disease (CVD) 

Study 

Design/ population 

Variable analyzed 

Hammond etal. 1976 

Cohort study of 1 million volunteers 
in the American Cancer Society Cancer 
Prevention Study followed from 

1960-1972 

Tar content (high: 25.8- 
35.7 mg/clgarfittc, 
medium: 17.6-25.7 mg/ 

cigarette, low; <17.6 
mg/cigarette) 

Hawthorne ;<M(i hfv l:i?iS 

PiO.\fr.sii\ ‘ op-rtufivoMfiJfiO 

1 :irr, ,i: i . ■ mulnr-hiidr screening 

ejomitiaiion fiv.m l% r > 1977 SiofiiintJ 

Filter lipped vs. plain • 
ilsaroirrs 

Todd oral. 197k 

Ftospevliv e coboii m w ly • 1 Hi 
persons av'*'' * c - :i > \ h.-j , s m i \\ v«-m 
followup - nm lHii.7-1977.rmin 

.j j, u it Ion. • . l Ihiuria 

..... 

f j^Hfi-iles 

, Lev arc! r.nrftnkfl IflfL 

Prosper! Ivo -uorliilJly study of 1 
mil ion mm iind.wonniil mu 1 2 year 
fo|lmv-up period fpuNi J WiO 1972, . 

United Suite? 

i'ar yixld low/ lug; i 

Hig'.nbotiam et al. 1982 

C- lion study ot |V,47bn»«l«‘i ivtt 
servants aged 40-64 years, and a 
sample of 8.089 male British residents 
aged 35-69 years 

Curr ent cigarette 
smoking habits 

Bisrlm’doUl l!'Jh3 . 

FivrqKtijvc juhrirt of Tin* Whitehall Study 
t ." : * i" i .arenas with 

I- : ... :• ■ : ,i yields, 

1 ■ . ■ . . ... i ' .'u Riil,iin 

CO yields.. 

Kaufman et al, 1983 

Case-control study of 1,337 men aged 

30-54 years; northeastern United States 

Nicotine and CO yields 

*CHD = Coronary heart disease 
'RR = Relative risk. 

‘Cl = Coufidtiuv interval. 

S MI — Myocardial infarction 
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Source: https://www.industrydocuments.ucsf.edu/docs/xlmj0001 
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Table 3.6 Continued 



Study 

Design/population 

Variable analyzed 

Aldersml et ill. 1935 

Case-cu ntxol Study of 12,603 in-patients 
from 1977-1982; Great Britain 

Always filter-tipped vs. 
plain cigarettes 

;:ucl ;-'rirdnia:i 

l’nx>|»etii'i • •' ■ r ■ I* ‘ ■ •»! 

regularLi;. . ■ •••.-. ►' • ■ivjiu; 

whuttw-i iiw.c tu*,» iv.ji.”. ..»>m 

1973 1983, United Slate? 

i.OW-Vlf.*|il Ug.Hdft: US* 1 

Palmer rf al. IHKy 

Caco-rc-tntrol Mirdy of Oil •.women •• SH 
year* or r.ge with iriridi-til Ml, and 2,375 
hospital fonTi/h United Si ales 

Low >i«'l<l i lie Uji.- 

•■Kiillei ora: l<m 

Prospective cohori ;>1ud_v o f a 10 year 
' follow up of Hie MulliplP Ksfc factor • : 
lutrrvenlion Tn'il of rm*n 'Vmu 

III? ’ 1 Mdb: United S*«(es. 

iarand nk<fline Ic wLs 

biegrl et al. lS&b 

Mi.iUn nter .:a:.r-con1iolStudy,&Lb 
patients with acute Ml without a histury 
of IHD’ and 1,10$ controls admitted to 
the hospital for acute conditions unre¬ 
lated to risk factors for IHD, between 
September 1988 and June J989. from over 

80 coronary care units in various regions 
of Italy 

Cigarette tar and 
nicotine yields 

Pciriali •?'. o 1 10 J5 

-iorsplml bc.jH’H" cos4.-tor.TfoI -study of ; 

•1,923 1 oft*: uly disc, barged Ml casos and 

H.SRO cci.il ’ ” ■ M .' inkers id 

■ cigarettes • ,.i . •elriv eat 1\ 

1 990*:. I "ri 1 . L. , 

Tor VI.-.1 1 1 •'* r,f nnni ifo r 

tured cigarf-iTfs v.vre 1 
sisS'.-jafd a: the bey.n- . 

" riicg uf iLu study 

*OR = CXUU r^Tio. 

i lHD = lscbeinii Ujart disease. 
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The Healrh fkjnvquencM of SmoJrfng 

Outcome 

Results 

CHD* mortality 

Compared with high-tar smokers: CHD standardized mortality ratio = 

1.03 formediuni-tar smokers and 0.82 for low-tar smokers 

t_ Vi'i tnorrahry 

HR :if CVT> ■ natality I 0:3 fui siooki rs i>f'filti i-n;i ied ugfiie tei . 

.r..\tii pared with snmki'ta of plain Ug.ireire* 

CHD JI....I:, Jit V 

KK for ;nen - d.»3 fur s:w'<ei”s uf liber tipf>‘u cigarctl-* i.o:npji'* j l with 
smoker* of plain dguretr?:.. urn: 1.0‘J 'It women who :.mukcd filler 
lip .-.'ill i.iujaji-iiesf.in.jjittJ with wuiu'.*.. who s.niiki-d p.j.n upai files 

' CHD morLili!_v 

KR Toi i i i ,okers oFlow hir ylrld dgi.retics rcimjiilivd 

wilhs -i . i • vie til ciparetlev and 0.81 lur women smokers •• 1 

of low • . ■ :..•••■ .■«iTf. ? arei}w»hv,-nii.^*inokrTs«rhi , 3 h lar 

yirlrf i . . i " 

CHD uturuiluy 

Ten-year i,nLi mortality rates per 1 f ‘:0 du-uhs '•. ui- !a:di/. -cl u ; 

employment grade among inhaler 1 29 for r onto mine: J 9 
dgarettes/day. 5.98 for 10-19 cigarettes/day. i» 5ti lor 2 20 cigarettes/ 

day; among noninhalers, 3.4K tor 1-9 cigarettes . I.iv 5./S tor ltt-19 
cigarettes/day, and 5 .18 for ^20 cigarettes /day ci>~v nary deaths were 
more common among Inhalers: efforts nf tar 'ironin', yields were 
confined to Inhalers 

CHD suoTCslitv ' 

Kit 1 IT In those -.moking cigarettes with <IH r.\p, CO vldr. r nmpared 
w:th smokers of cigjrerrej. with >?UmgCO • 1 1 . 5 • i : -i -lgc. 

gjaitr irij.-Eoviiiunl. tlgJo.tli'.s.'Tluv,.iri«J r-- noki:ig 

hi>>li t 'O-wi‘1.1 . jfjj.iri fl»-» ' »J?H ,i,g) MiiCitu-/! h .. • . • 1 

MP 

RR = 2.8 (95% Cl 1 , 2. 0-4.0) fur current smokers compared with 
nDnamokers; risk varied »ith number of Hgarcttes smoked (up to 7.S 

(95% Cl, 3-7-15.3] for men aged 30-44 years who smoked >45 cigarettes/ 
day); little or no significance was found comparing lower with higher 
nicotine yields: 3.0 (95% Cl. 1.9-4.3) for <0.8 mg/cigarette to 2.0 (95% Cl, 

1 5-4.4) for it.5 mg/clgarette; or In CO levels: 2.7 (95% Cl. 1.5-4.8) for 
<10 mg/cigarette to 2.8 (95% Cl. 1.5-5,1) for *19 mg/cigarette 
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Thr Health Consequent of.Smnking 

Outcome 

Results 

CHD mortality 

Aged 35-54 years; OR* = 1,78 fox men whu always smoked filter¬ 
tipped cigarettes compared with men who always smoked plain 
cigarettes; 0.24 for women who always smoked filter-tipped cigarettes 
compared with women who always smoked plain cigarettes; aged 

55-74 years: OR - 2.67 for men who always smoked filter-tipped 
cigarettes compared with men who always smoked plain cigarettes; 

1.32 for women who always smoked filter-tipped cigarettes com pa red 
with women who always smoked plain cigarettes; all ORs were 
adjusted for the number of cigarettes/day 

t.VD and M.' 

RK •• 1 • • • • : . VL> pL*r j.t) ing.iiiditi It-.i an:oug ■ 

canon .. . • -d whli norvenokurs, udJauLcd fur • 

. ff :. .. , 1 • • Ij'f.f.'I 1.0*1-1 .frf.j fur uvL.li: Ml per 5.0 

mg ixv.. • .. ■ -itvarehci sinokei^ compmed with 

nostitr . • 1 ■ • . _ _ - .dtr. '.mmT ruce; CVLt rh.V. wa.vcei!i\ls- 

feully i. i - yield ti^arHIes i'xjrri[)arrvi svilr' 

Mtlukei s nf low-'i yuT'l ng;-uvUe\ KnuM cliflVrenie*; in magnitude) 

Nonta' il Ml risk 

KK - 1 7 l9?Ss Cl. 2.8 8.0' ibr cumw smokrrs who smoked brands 
with the ami-sl ni'oUUe let iIs h0.1.) mg .-1 ig.ii tfllel •-umpji'.:'.! with 
lih-tiiiii■ MwiMimki-is: 12iS»r.%n. 2.4 7.?l '.a siii.*keiM»fliMtn vm Id 
bunds (■»: .30 rri'O 

CHD reoitoUiy 

vjlil-i .. ■ •• 1 .• .• 'ioItiiu.. 

KR -- 1.0-i iOS'ui 1 >■ . :i I.1-T4 

mg and 1.27 J95 : . . •: u-■" -will. 

-* 1 mg; nimpai -1 -• .v i • n ; vels • 

• l!img. HR - J ... ) iru.Tiir". whosmiG - •fr^with 

16-lf: i> g/inJ 1 ■ i 1 ' • 15) lop men who mi' 1 i;■ ir«ur,-> 

wirli mg. till i- '• ' > *i.lforage. senimVIi ■ • ■ 1 duvdollc ' 

hlnod pressure.* ces/d-iv. low tar and fow-ntiTflin#' cig.trerre . ; 

siixjktii trucker • ■ i HrrU-v.lny 

Ml risk 

Compared with nonsmokers. KH = 3.8.4.3,3.2, and 3./ tor the tour 
categories of tar yield (<10. 10-15, 16-20, and >20 mg/cigarette, 

respectively), there was no trend in risk across yields when die analysis 
was restricted to smokers: RR = 1.2.0.8. and 1.0 for higher-yield 
categories, respectively, compared with the lowest-yield category’; 

RR = 9.3-12.6 for persons aged <50 years but no trend was observed 
with increasing yields: thus, lower-tar yields were not effective for 
reducing Ml morbidity 

liK.idcnt no;d£.tul Ml 

Aiic-f :M.i:u;ai ih/f.liu:; fox ugr: jjtm.i i. ,imJ .iii;uunL Mocked. ch.- i ,:ti 
v.jls j0.4'X lughr-j (Mi.Jidriitl dnvimam 5.4’ 1 in lucdiuudiur 1-10 r•' 
tlgiirrttf) ih<m In low 1 ;ji mg-Ti^iir-'rirJ rlijarcih* smokiT.s 

’• (p (M?6) 
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Table 3.6 Continued 

Study 

Deslgn/population 

Variable analyzed 

Tang et al. 1995 

Four cohort studies of 56,255 men 
hetween 1967 and 1982 from the British 
United Provident Association Study 
(London), Whitehall Study (London), 
Paisley-Renfrew Study (Scotland), 
and United Kingdom Heart Disease 
Prevention Project 

Tor yields of manufac¬ 
tured plain and filter¬ 
tipped cigarettes were 
assessed at the begin¬ 
ning of the study 

IVrufll H ; 1 |‘Bfl7 

c'onhol j-.rudj . 2‘Jl srnukuiN -.vit-i 
newly referred peripheral arterial 
rli-wsf'. 87K controls wilhoul the 
■.liMLi'.mt uu , p/tueiii rlimi THXH 

19S2, London Lulled Kingdom 

Tax ^anr.l nicurine vields' 
and car boxy hemoglobin 
• ' levels 


the underlying cause for roughly 65 percent of CHF 
Ctj£>eSi liie risk uf CHF from smoking is probably me¬ 
diated through CHD. 

Evidence Synthesis 

These new data reaffirm the already well 
documented causal association of smoking with the 
risk for CHD- Compared with lifetime nonsmokers, 
the RR in smokers rises with the number of cigarettes 
smoked and falls after cessation The type nf cigarette 
smoked has little influence on CHD risk. The associa¬ 
tion cannot he explained by confounding. 

Conclusions 

1. The evidence is sufficient to infer a causal relation¬ 
ship between smoking and coronary heart disease. 

2. The evidence suggests only a weak relationship 
between the type of cigarette smoked and coro¬ 
nary heart disease risk- 


Implications 

Because of its prevalence, smoking is a major 
cause of CHD. particularly among younger smokers. 
While CHD mortality rates have continued to fall, a 
substantial proportion of the population's burden of 
CHD could be avoided with smoking prevention and 
cessation. Products with lower yields of tar and 
nlctotine. as measured by a smoking machine, have 
not been found to reduce CHD risk substantially and 
they are not a lower-risk alternative for smokers who 
cannot quit. By causing CHD and Ml, smoking may 
also contribute to the development of CHF. an increas¬ 
ingly frequent disease that is disabling and has a poor 
prognosis. 
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Outcome Results 


Mortality from Cl ID and stroke Compared with lifetime no iu>uiukers, RR foi OLD = 1.21 (95% Cl, 

1.06-1.38) for former smokers, 2.05 (95% Cl. 1.73-2.42) for current 
smokers of plain cigarettes, and 1.94 195% Cl. 1-70-2.21) for current 
smokers of filter-tipped cigarettes; RR for stroke - 1.0 (95% Cl, 0.Y3- 
1.36) for former smokers, 1.98 (95% Cl, 1.36-2 88) for current smokers 
of plain cigarettes, and 1.62 (95% Cl, 1.19-2.21) for current smokers of 
filter-tipped cigarettes; risk of IHD and stroke showed an Interaction 
with age; relative mortality in clgarem* smokers of a 15 mg de<Ti»ase In 
tar yield/cigarette was 0.77 (95% Cl 0 61-0.97) forCHDand0.M' (95% 
Cl, 0.50-1,50) for stroke 

P«'r1p:;c[ol .uLtirlaJ di**:.*rt* , OK - ,’7j for Miiukk is •.>!'Hit-* with M Uu c»ni(iarud with 

' Miiukerxof rigarrMIcs with <fJ rug; 1 r/ r,, r v 1 •— "f cigarettes with 

• 1.2 irg ni<(.'linc compared v.rlh r-t l , v»illl'O R mg; 

■ " : 1.02 :ur M-htrle hhiod i nrhiixvhr’m.). • • . ig r,‘v>r»«:umpored 

wilh whole liifi.nl ■•arho.xvnmogIt i■ • i • -rntruLs; all OR.s 

wer? rdj.isti'd tr.r ago. p/nrirr. and . n 


Smoking and Cerebrovascular Disease 


Cerehmvasciilar disease Is a syndrome of neuro¬ 
logic deficits resulting from Interruptions In the arte¬ 
rial blood flow to the brain Deficits range from mild 
to severe, depending on the zone of the brain that is 
affected, and can be transitory (transient ischemic at¬ 
tack) or permanent (stroke). In the United States, the 
Incidenc e uf sliuke is an ea Lima led 600,000 cases per 
year The one-year, rase-fatallty rate is ahnnt 30 per¬ 
cent. and strokes caused an estimated 160.000 deaths 
in the United States In 1996 (the third leading cause of 
death after CHD and malignant neoplasms). Accord 
ing to estimates from the AHA (2002). there are ap¬ 
proximately 4.6 million stroke survivors in the United 
Stales, with cases equally distributed between women 
and men. 

The causes of strokes are either Ischemic (brain 
infarction stemming from a reduction of blood flow 
because of local atheroth/ombosis or emboli from the 
heart or extracranial arterLes) or hemorrhagic (either 
subarachnoid or parenchymal). Many of the patho¬ 
physiologic mechanisms discussed In preceding 
sections for athwnsrlpmds and GHD atari apply to cere¬ 
brovascular disease, particularly for ischemic stroke. 
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The epidemiologic association between cigarette 
smoking and stroke is well established. The 1964 Sur¬ 
geon General's report summarized studies conducted 
In the 1950s describing the increase in mortality from 
strokes In smokers compared wilh nonsmokers 
(U5DHEW 1964). Subsequent Surgeon General’s 

lepuits reviewed fuilhei evidence Indicating dial 
(1) smoking Is clearly associated with an increase in 
both the incidence of and mortality from cerebrovas- 
cular disease: (2) smoking Is associated with the risk 
of both ischemic stroke and subarachnoid hemorrhage; 
(3) the smoking-associated risk of stroke is particular¬ 
ly elevated In younger persons, and the smoking- 
assut iaied risk uf subarachnoid liemurrliage is elevated 
In women (USDHHS 1990): and (4) as with many other 
smoking-related diseases, later studies (e.g., CPS-II 
1982-1986) tend to show a higher KR of stroke in rela¬ 
tion to smoking than did earlier studies (e.g.. CPS-1 
1959-1965). These more recent findings may be 
ax plained by cohort effects related to smoking dura- 
don and earlier smuklng Initiation tn birth cohorts wliu 
rparhed middle tn older ages (GarfinkeT and 5! tell marl 

1988). 


Surgeon General's Report 


A meta-analysis reviewed 32 case-control and 
cohort studies and documented that cigarette smok¬ 
ing increased the risk of stroke by an estimated 50 per¬ 
cent. although the effect differs according to stroke 
subtype: the RR for ischemic stroke was 1.9, and 2.9 
for subarachnoid hemorrhage, but no elevation in risk 
was found fur cerebral hemorrhage (Shinton and 
Bee vers 1989). 

Based on the wealth of epidemiologic, biologic, 
and laboratory evidence available at the time, the 19S9 
Surgeon General's report concluded that there was a 
causal association between smoking and cerebrovas¬ 
cular disease (USDHHS 1989). Using estimates of 
prevalence and RR from the large CPS-JI study, the 
report estimated that among persons younger than 65 
years of age, smoking was responsible for 51 percent 
of cerehrovascular disease deaths in men and 55 per¬ 
cent in women. 

The 1990 Surgeon General s report on smoking 
cessation examined all previously published studies 
comparing the risk of stroke fur lifetime nunsmokers 
with hoth current and former smokers (USDHHS 
1990). The report confirmed previous conclusions of a 
twofold to fourfold Increase in risk associated with 
current smoking and concluded that the risk decreases 
steadily after smoking cessation, becoming Indistin¬ 
guishable in former smokers from thatofllfetime non- 
smokers after 5 to 15 years, depending on the study. 


Epidemiologic Evidence 

Both case-control and cohort studies published 
since the 1990 Surgeon General’s report have con¬ 
firmed the epidemiologic association of cigarette smok¬ 
ing with the main subtypes of stroke (l.e., ischemic 
stroke and subaraclinold hemorrhage). One uf the most 
important publications provides results from the Brit¬ 
ish Doctors Study, reporting an association between 
smoking and stroke (among other disease outcomes) 
in more than 30.000 male British physicians followed 
for over 40 years, from 1951-1991 (Doll et al. 1994). 
These findings confirmed previous reports of a strong 
and consistent epidemiologic association between 
smoking and mortality from stroke subtypes. Com¬ 
pared with lifetime nonsmukers, current smokers at 
baseline had RRs of 1.31 for thrombotic stroke, 1.37 
for hemorrhagic stroke, and 2.14 for subarachnoid 
hemorrhage. Dose-response relationships with an In¬ 
creasing number of cigarettes smoked per day were 
reported for both thrombotic and hemorrhagic sub 
types, and were particularly strong for subarachnoid 
hemorrhage (RR = 1.43,1.71, and 3.43 for smokers of 
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1-14, 15-24, and >24 cigarettes per day, respectively; 

p for trend < 0 . 061 ). 

Another report addressed the association be- 
twtttin smoking and stroke mortality in the Multiple 
Risk Factor Intervention Trial (MRFIT) (Kuller et aJ 
1991). Among the more than 360,000 people initially 
screened, current smokers had a RR for overall stroke 

mortality of 2.5 (p <0.001) during a 10-year follow-up, 
with a clear dose-response relationship betw een an 
Increased risk and an increase in the average number 
of cigarettes smoked per day. 

In addition to the risk for stroke mortality, other 
studies have reported on the effects of smoking on 
stroke incidence. Data from a 10-yeai follow-up of 
more than 22.000 participants in the United States Phy¬ 
sicians Study showed that, compared with lifetime 
nonsmokers, current smokers of I to 19 cigarettes per 
day had an age adjusted RR for stroke incidence of 
Z.02 (95 percent Cl, 1.23-3.31), and smokers of 20 or 
more cigarettes per day had an adjusted RR of Z.52 
(95 peivent Cl, 1.75-3.61; p for trend <0.0001) (Robbins 
et al. 1994). Similar dose response associations be¬ 
tween the amount smoked and stroke incidence 
were reported in the British Regional Heart Study, a 
population based cohort study of about 7,700 middle- 
aged men (Shaper et al. 1991). In subsequent analyses 
of this study (Wannamethee et al. 1995), stroke risks 
fur former smokers fell to die lowest levels around five 
years after smoking cessation: the remaining risk lev¬ 
els depended on the amount smoked: former heavy 
smokers fell to a level similar to that of light smokers, 
and former light smokers fell to a level similar to that 
of lifetime nonsmokers. Switching to a pipe or cigar 
had little effect on risk. Benefits from smoking cessa¬ 
tion were observed after controlling for all possible 
relevant confounders and were present in both nor- 
motensive and hypertensive persons, although the 
benefit seemed to be more marked in the latter group. 
This study also confirmed the conclusions of the 1990 
Surgeon General's report on the benefits of smoking 
cessation on stroke risk (Wannamethee et al. 1995). 

The above studies were all conducted on men uf 
mostly European origin. However, there is a wealth of 
evidence demonstrating that smoking is also associ¬ 
ated with strokes in women and In all ethnic groups 
and countries where the hypothesis has been tested. 
In contrast to some earlier studies that suggested that 
the RR for stroke (especially subarachnoid hemor¬ 
rhage) was mure elevated tn female smokers lhan in 
male smokers, recent cohort studies of a variety of 
population samples tend to show similar RRs In both 
men and women. In a large cohort study of more than 
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42,000 participants in a health survey in Finland, RRs 
for the incidence of subarachnoid hemorrhage were 
ZA (93 percent Cl, 1.6-3.7) In men anti 2.3 (95 percent 

CT. 1.5-41) in women, independent of other known 
stroke risk factors (Le. f age, hypertension, and body 
weight) (Knekt et al. 1991). Another issue of particu¬ 
lar concern to women is the possible synergism be¬ 
tween oral contraceptives and smoking on the risks of 
stroke Whereas earlier studies suggested that possi¬ 
bility (Kanne 1 1987). it was recently argued mat low- 
dose ora) contraceptive combinations may not inter¬ 
act with smoking to substantially increase these risks 
(Mishell 1999). However, a report based on a large co¬ 
hort of reproductive-aged •women In the Kaiser 

Permanente study CPctlui etui, 1996). where 408 strokes 
were observed among 1.1 million women (>3.6 mil¬ 
lion person-years of observation), found that the RRs 
for isrhemir stroke and for hemorrhagic stroke among 
current smokers compared with nonsmokers were 2.66 
(95 percent Cl. 1.65 -4.30) and 2.70 (95 percent Cl, 1.71- 
4.27), respectively. Hie tombhmlJuu of smukiug ami 
low dose oral contraceptives was associated with an 
overall stroke RR of 3.64 (95 percent Cl, 0.95 13.87). 

Even though few studies have published ethntc- 

or minority-specific data on the relationship between 
smoking and stroke risks, there is consistent evidence 
of an association in African Americans, a group with a 

particularly high i h,k fur ci_'f cl»ruv«iiculiii di^ea^u 

(Gillum 1999). Furthermore, in ecologic analyses con¬ 
ducted with data from the World Health Organiza¬ 
tion s MONICA (Multinational Monitoring of Trends 
and Determinants *n Cardiovascular Disease) project, 
smoking and hypertension were the main factors ex¬ 
plaining the variability of stroke mortality rates across 
populations (Stegmayr et al. 1997). Similar conclusions 
were reached in analyses based on persons from the 
multinational Seven Countries Study (Jacobs et al. 
1999). 

In a cohort study of a Korean population with 
low cholesterol levels, the risk for stroke was linearly 
associated with increasing amounts of cigarette smok¬ 
ing (Jee et al. 1999). Another large cohort study In an 
Aslan population was conducted in a cohort of ap¬ 
proximately 265.000 Japanese men and women 
(Hirayama 1990), The RRs for nonhemorrhagic strokes 
w«re only slightly elevated in current smokers com¬ 
pared with lifetime nonsmokers {1.08 in men and 1.18 
In women), whereas for subarachnoid hemorrhage the 
corresponding RRs were 1.82 and 1.71. 

The higher RRs for a subarachnoid hemorrhage 
compared with other stroke subtypes arc consistent 
With the observations summarized in previous 
Surgeon CeneraTs reports as well as in most recent 
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studies. Among those screened for the MRFIT, the 
smoking-related RR for a nonhemorrhagic stroke was 
2.1, whereas the RR for a subarachnoid hemorrhage 
was 3 0 (Neaton et al. 1993). Teuni&sen and colleagues 
(1996) reviewed the data and consistently found smok¬ 
ing to be an Independent risk factor for subarachnoid 
hemorrhage. The mechanisms for this Increased risk 
are likely due to damage to the cerebral artery wall 
associated with one or more components of cigarette 
smoke (Weir et al. 1998). Cumulative damage to the 
arterial elastics layer can result in an aneurysmal dila¬ 
tation, and the presence of this dilatation with the ad¬ 
ditional impact of smoking on vasa activity, especially 
bi the presence of hypertension, may create high risks 
For a hemorrhagic event. 

Most of the recent studies described in this sec¬ 
tion adjusted for risk factors that could possibly con¬ 
found the association between smoking and stroke. 
From the epidemiologic standpoint, only hypertension 
appears as consistently related to stroke risks as smok¬ 
ing iluci. Huwcvei, lui lIj ullliig fur btwud pitrisuitj ui 
hypertension status has very little effect on the ob¬ 
served strength of the smoking-stroke association seen 
in most studies. This finding would he expected, given 
the weak and inverse relationship of smoking with 
hypertension. Jn the analysis by Thun and colleagues 
(2000) of the CPS-II cohort, the estimate of stroke 

deitlltN lin tiiv Uuilvd SUiLes uii lire ay,*:-adjusted 

risk estimate was 21.400. WiLh adjustment for several 
potential confounding factors there was a slight drop 
to about 17,800. 


Evidence Synthesis 

The more recent evidence remains fully consis¬ 
tent with a causal effect of smoking on x isK for ceie- 
hrova.'kCular disease. The recent evidence extends the 
range of populations in which an association with 
smoking has been demonstrated and shows consistent 
associations of smoking with all major types of stroke. 


Conclusion 

1. The evidence Is sufficient to Infer a causal relation¬ 
ship between smoking and stroke. 


Implication 

Cigarette smoking remains a major cause uf 
stroke tn the United States 
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Surgeon General's Report 

Smoking and Abdominal Aortic Aneurysm 


Aortic aneurysm refers to the dilatation or ex¬ 
pansion of the aorta between the arch and the divi¬ 
sion Into the iliac arteries, while AAA occurs in the 
abdominal portion of the aorta. The aorta has a high 
pre^ure across ira wall and rupture con quickly lead 
to death. Most A AAs are the result of atherosclerosis, 
although other conditions can cause them (Davies 
1998). Evidence of pathogenesis includes atheroscle¬ 
rosis, degradation of elastln in the aorta’s wall, and 
Inflammation (Blanchard 1999). In the young trauma 
victims In the PDAY study, smoking was associated 
with the extent of atherosclerosis in the abdominal 
aorta (McGill et al. 2001). In the smaller sample from 
the Bogalusa Heart Study, the findings were similar 
(Berenson er al- 1998). The natural progression of AAAs 
is to grow increasingly larger, and when they become 
greater than 4 cm in diameter there t$ a substantial risk 
for rupture. Most persons do not have any symptoms 
until the aneurysm ruptures: at that point, sudden 
death can occur. Surgical repair Is much less success¬ 
ful once the aneurysm begins to leak, Estimates for 
2003 were that AAAs caused more than 15,000 deaths 
and 60.000 hospitalizations In the United States (AHA 
2002 ). 

Epidemiologic Evidence 

Evidence linking tobacco smoking and aortic ath¬ 
erosclerosis has been available far several decades 
(Table 3.7). In 1983, the Surgeon General's report 
suggested that cigarette smoking aggravates or accel¬ 
erates aortic atherosclerosis (USDHHS 1983), and sev¬ 
eral epidemiologic studies indicated that smukers had 
elevated death rates from ruptured abdominal aneu¬ 
rysms compared with nonsmokers. A literature review 
published in 1999 found a positive, strong, and inde¬ 
pendent association between smoking and AAA tn It) 
studies of cohort, case-control, and cross-sectional de¬ 
signs (Blanchard 1999). 

The findings of the long-term cohort studies pro¬ 
vide clear evidence for an association of smoking with 
AAA. During the 40 years of follow-up of the British 
physicians cohort, the risk for death from AAA was 
increased more than fourfold Ln current smokers com 
pared with lifetime nonsmokere and was increased 
twofold in former smokers (Doll et al. 1994). In the 


U.S, veterans cohort, there was a fivefold increase for 
current smokers and a more than doubling oFmortal¬ 
ity for this cause of death in former smokers (Rogot 
and Murray 1980). In CFS-I, the increased risk for cur¬ 
rent smokers was of u similar magnitude (Burns ct al. 

1997). 

Recent studies not included in the 1999 review 
also confirm f his association- For example, in a case- 
control study using state-of-the-art clinical and epide¬ 
miologic methods (Blanchard et al. 2000). smoking was 
strongly associated with AAA with adjustment for all 
known risk factors. A dose-response relationship was 
evident Compared with lifetime nons makers, the ad¬ 
justed OR was 2.75 (95 percent Cl. 0.85-8.91) for 1 tD 
19 pack-years. 7-31 (95 percent Cl. 2.44-21.9) for 20 to 
34 pack years, 7.35 (95 percent Cf. 2 40-22.5) for 35 to 

49 pack, years, and 9.55 (95 percent Cl, 2.81-32.5) for 

50 or more pack-years. Other recent case-control stud¬ 
ies have also found dose-response relationships 
(Wilmink et al. 1999), as have earlier cohort studies 

As in other cohort studies published in recent 
years, the Edinburgh Artery Study, a pnpuLatian-based 
rnhnrt study nf men and wnmen 55 through 74 years 
uf age, found that current (or recent) smoking also was 
strongly associated with AAA (OR =3.1 [95 percent 
Cl. 1.5- 6.2]) (Lee ct al. 1997). This association can be 
partially explained by atherosclerosis (Reed et al. 1992), 
although cohort data from the Edinburgh Artery Study 
suggest an Increased risk for aortic aneurysm associ¬ 
ated with smoking beyond that Fmjn underlying ath¬ 
erosclerosis (Leeetal. 1997). Lee and colleagues 0997) 
found that smoking remained associated with a risk 
for incident aneurysm aficT adjusting for CVD and the 
AAI at baseline. In a Cohort of Finnish males, risk for 
AAA was positively associated with the number of 
years of smoking (Ttirnwall et al. 2001) and with the 
m imhpr of cigarettes smoked in a 33'year rohrwt study 
in Sweden (Nilsson et al. 2001). 

The CHS is a multlcenter prospective cohort 
study of cardiovascular disease in otder Americans 
(Akorn et al. 1596). In the fifth year of fallow-up, ul¬ 
trasound was used to evaluate the abdominal aortas 
of all participants, The prevalence rates for aneurysm 
by smoking were G 8 percent. 11.5 percent, and 14.4 
percent for never, former, and current smokers, respec¬ 
tively. 
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Evidence Synthesis 

Smoking causes atherosclerosis in arteries, in¬ 
cluding the abdominal aorta. Autopsy studies show 
that even young adults who smoke have more plaque 
In their aortas than do lifetime nonsmokers. Other 
mechanisms hy which smoking might injure the ab¬ 
dominal aorta Include inflammation and damage to 
elastltL 

The epidemiologic evidence, coming from mul¬ 
tiple studies of differing design and location, shows a 
strong association of smoking with risk for AAA. Dose- 
response relationships with the amount and duration 
«F smoking have been reported and risks are lower in 
Former than in current smokers. Uncontrolled con¬ 
founding cannot explain the findings. 


Summary 


Research during the past decade has produced 
further evidence that tobacco smoking is causally re¬ 
lated to ail of the major clinical cardiovascular diseases. 
A large body of evidence coming from multiple popu¬ 
lations. age groups, and hnfh genders outlined in pre¬ 
vious Surgeon General's reports indicates that tobacco 
smoking causes atherosclerosis and associated clini¬ 
cal syndromes. A dosc-responsc relationship has been 
repeatedly demonstrated with higher levels of ciga¬ 
rette smoking and a longer duration of smoking. Evi¬ 
dence now suggests that light smokers (fewer than 10 
cigarettes per day) have moderate htir measurable in¬ 
creases tn the risks for CVD. and passive smoking has 
been causally associated with CHD (California Envi¬ 
ronmental Protection Agency 1997; Scientific Commit 
tee on Tobacco and Health 1998). New evidence also 
documents that tobacco smoking is associated with 
subclinical or veiy early atherosclerosis. Multiple po¬ 
tential confounding factors have been considered, and 
none account for the association between tobacco 
smoking and CVD. Most large prospective studies of 
the association between smoking and cardiovascular 
outcomes conducted In recent years controlled for 
other known cardiovascular risk factors that could be 
proposed as possible confounders (e g., diet, physical 
exercise. BMT, and other lifestyle habits). 


TV Wealth Cftnipqtierrfu nfSmnking 

Conclusion 

1. Hie evidence is sufficient to infer a causal relation¬ 
ship between smoking and abdominal aortic 
aneurysm. 

Implication 

Smoking is one of the few currently avoidable 
causes of this frequently fatal disease. 
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Table 3.7 Studies on the association between smoking and the risk of abdominal aortic aneurysm (AAA) 
Study Design/pop illation Tobacco exposure Outcome 

Kahn 19CG U.S. veterans cohort study 

293,658 persons aged 31-84 years 

(mainly white male World War I 
(VVWlj veterans) who held active 
U-S- government life insurance policies 
in December 1953 

Questionnaires were administered in 
1954 and 1957 with 198,834 and 49,361 
responses, respectively 
8.5 years of follow-up 
United States (nationwide) 

(’L'hoit studv ■ r*.oitv11K'hnv/all ’ Deal!i from a:*rrlr 

iiS.lS'J ..itn aged -35 Ii-'. yis.il s smnkeis iimurysni 

48 L ,li j $ pei ii ycac \ of ubaei • «iUuu • 1 t > '.(ear 

C’dlilui I'l.il 

Bi-ntpto iM 1951 


Weir and 
Uuiin 1970 


♦ Cigarettes/day Death From 

• Pipes and cigars nonsyphllitic 

only aneurysm of the 

aorta 


The temporal relationship between tobacco 
smoking and CVD has never been in doubt due to the 
extensive data from carefully conducted prospective 
cohort studies. A large body of research documents 
the impact of tobacco smoke on a wide range of bio¬ 
logic processes related to atherosclerosis, establishing 
biologic plausibility. New evidence also documents 
that tobacco smoking Is associated with subclinical ath¬ 
erosclerosis (i.e., with the presence of atherosclerosis) 
earlier in its natural history, before It manifests clini¬ 
cally, The cross-sectional and prospective evidence 
summarized In this chapter consistently demonstrates 
that tobacco smoking is related to the thickness of the 
intimal-medlal layers of the carotid and popliteal ar¬ 
teries os well os to the presence of coronary athcro 
sclerosis (by angiographic and pathology studies) and 
subclinical markers of cerebrovascular disease (white 
matter disease and subclinical Infarcts). This con 
elusion is entirely consistent with the strong evidence 
linking tobacco smoking and clinical cardiovascular 
disease manifestations as reviewed in this and in 
previous Surgeon General's reports. Atherosclerosis is 
a complex disease process that progresses slowly 
across different vascular beds and Involves multiple 
metabolic, inflammatory, and homeostatic pathways. 
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Rogot and 

U.S. veterans cohort study (update) 

• Never smoked 

Death from aortic 

Murray 1980 

293,658 persons aged 31 -84 years 
(mainly white male WWl veterans) 
who held active U.S. government life 
insurance policies In December 1953 
Questionnaires were administered in 

1954 and 1957 with 198.834 and 49,361 
responses, respectively 

16 years of foliow-up 

United States (nationwide) 

■ Former cigarette 
smokers 

• Current cigarette 
smokers 

■ Cigarettes/day 

■ Cigars only 

■ Pipes only 

aneurysm 

Strnchnn 

. W hitehall Cohort Study of le.-l-tKJ mile 

* Nonunokcrs 

Death from aortic 

1991 '• 

r ImI m- s \ a: J.s <iK.nr lined at tin: <igt:s uf 
411-fi.l V.Uh ... • 

IS yew fi.llmv rip 

* ■'/d 

. wrem ■- 

• 11.ii ul mik'd 
. ig.ui 

■ Pipes or cigars only 

aneurysm 


*CI = Confidence interval. 
Tdl- Relative risk. 
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Table 3.7 Continued 



Study 

Design/popuJ ation 

Tobacco exposure 

Outcome 

Dolt et at. 

1994 

Cohort study 

34,439 British male doctors who replied 
to a postal questionnaire in 1951 

United Kingdom 

1951-1991 

• Nonsmokers 

■ Former smokers 

■ Current smokere 

* Cigarettes/day 

Death from aortic 

aneurysm 

Ahern er ril 

IH:«i 

t. ror.r. r-r-rtl on;il slucy 

6 jf pin son.t ar;ed 05 -90 yt ars 
froi:: <i Piu-.hijrt'/j sirh^roupof the 
t’ur.Intvii ',1 nl.tr llivilth .Study 

I’llisbuig’i 
. in him fin:-: 

* [\>vrr smoked 

* Furmersninkers 

* Liirn?msmok»*;> 

AAA uj'; dr fined 

iis an irifiau-n.il 
luji U: (i[;<:iu i*'i 
. £3 riu, mi: Inl'j ■m , ial 
lO SUpiiti ejJdl 

dutnielrr r.u o ! 1 A 
ur l lu!.; .-n- <.<J AAA 
repair 

^usveli el at. 
1996 

Queening cross-sectional study of 

patients with peripheral arterial disease 

44 AAA patients 

244 hospital controls matched for age 

and gender 

London 

1989-1992 

• Pack-years' 

• Cigarettes/day 

NR* 

’Pack-yeara =» The number of years of smoking multiplied by the number of packs of cigarettes smoked i»w day. 

S NR= Data were not reported. 

OR - Odds ratio. 
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Findings 

Risk estimates (95% Cl*) 


Comments 

* Significant mortality 

Mortality ratios 

Never am ok era were the 

rate for current and 

Total current smokers 

5.15 (significant) 

comparison group; age 

former cigarette 

10-20 cigarettes/day 

5.58 (significant) 

distributions were standard- 

smokers (greater than 

21-3U cigarettes/day 

6.55 (significant) 

ized using the 1960 dlstrihu- 

expected) 

Current pipe and cigar 

1.76 

tion of the U S. male popula- 

• Dose-response rela- 

smokers only 


tlon by single years: p values 

tionship was observed 

Former cigarette smokers 

2.75 (significant) 

and 95% Cls were not 




provided 

. ♦ rim WH' 

RR' 


Nnnsmokors included pipe 

n«ri(iaie<l with ■ 

Nn:isniukers 

1 (. (i i-furonn 

;mcJ rigor smokers: p values 

rtg.in-utiinukiry 

.Ml SJIlUritfS 

iMi*1 

/jiid fllO-. Cls wi irimi 


A nju 1 ftf.r.k m less 

2.44 i 

jit uV'l. fi.'il 


A hot: 11 pacit 

Z.M 

' i. 


About i L'ii oj more 

.■’..A 


* Dose-respuajt; rela- 

Mortality ratios 

Never smokers were the 

tionship was observed 

Former cigarette smokers 

2.58 

comparison group: p values 

with more cigarettes/ 

All current cigarette smokers 

5.23 

and 95% Cls were not 

day 

<10 cigarettes/day 

2.29 

provided 


10—20 cigarettes / day 

5.46 



21-39 cigarettes f day 

6.36 



>40 cigarettes/day 

7.18 



Cigars only 

2.04 



Pipes only 

2.07 


• 99 outcome eveirs 

Mr.rnilkv ratios 

■ Mortal UY ratios wi*i« t;,i!( u 

* All fulfils of tobacco 

Ma]iul'..iuured cigai ettw? 

5.1 U I- J-O 

lated * gainst nnmmnkrrs 

live in (life bluilv u'iri*! 

1 hnn.1 lolled ciaaiettec 

til 1 (9 V—V.i Xi 

' f - entry: morlal'ty r;iiicis v.-'Tr | 

associated with 

Pipes uj cigars only 

J 1 d o. IS 3.1 

adju-'xl for diastolic bliHhl 

iriLieJjC'-': xiioiU.jlv 



pressure. and wer* ndjufimd 

r.ito 

: ■ 


by analv'ih of matchoH 




ui.iii^ conditional loglsrr. 




tepresdnn 
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Table 3.7 Continued 



Finding.? 

Hisk estimates (95% Cl) 


Comments 


Study 

Design/population 

Tobacco exposure 

Outcome 

■ Significant assocta- 

Annual mortality per 100,000 men 

Mortality rates were stan- 


Burns et al. 

Cohort study 

* Cigflrettfts/day 

Death from aortic 

tion; p <0.001 for 

Nonsmokers 

15 

dardized for age and calendar 


1997 

Cancer Prevention Study 1 

stratified by age 

aneurysm 

trend 

Former smokers 

33 

period 



Approximately 68.000 American Cancer 




Current smokers 

62 




Society volunteers 




1-14 cigarettes/day 

38 




Questionnaires administered: 1959- 




15-24 cigr'^'”' 1 */daj r 

74 




1960. 1961,1963, 1965, and 1972 




> 25 cigan ( day 

81 




United States (nationwide) 

1959-1972 



* iVlVi v.r tv mr;rc 

FVc' 1 . -none th'.s* wi 

h AAA 







• pif> jlr- ir iriiitiy 

Never ■ 

»-.8% • 

uvng lo.L’bUr. regfc-osir-n and 






SiVii»krr. r . 

i-r.rriK 


wvi udjUsU'O lor Age. gliidcx. 







C in’ll* s 

14.4% 

lirfiijlil, mid ii 







p vaiu.d -'0.c::oi 








* Pack-yeais p value 

UK“ 


Matclied analv.i > Were 






for trend = 0.174 

<35 pack-years 

1.0 (referent) 

carried out using conditional 






• Cigarettes^ iky 

35-55 pack-years 

2.07 (D.95-4.52) 

logistic regression 






p value for trend = 
o.ocw 

>55 pack-years 

1.84 (0.61-3.42) 







• No association was 

0-10 rigarettes/day 

1.0 (referent) 







found between AAA 

11-20 clgarettes/day 

3.03 (1.29-7.22) 







risk and type of 

fnbnorn used 

>21 cigarettes/day 

i.99 (0.97-3,73) 












Hrubec :m[l 

L'.h. --.-etera.Hi coiioit -sf.vJv 

■ termer regular 

Death hum juilii 






Mi l-n.,i’hliri 

20.4.658 pi'iMMisanHc] 31-1*4 years 

i igi-rerte \inoki:is 

-mHurystii 






J 119/ . , 

(millnly whilf m:i(i a WVVf wOtmti'u 
who h?ld active U.S. tyj'-etumiMit life 
iusuran-'e pulhies. in IM.wuUlt 1H53 
..Querdlounalres wurr admii.i.sr<!rerf in 









19.14 .nul 195*7 with iHH R:i*i .mil 49 Mil 









jcspnii i.vn,. i l-s pi t T ii-i ly 1 ' " 

26 yrarf.liuw up (IfJji HjHOl 









l.'rrilrd thiiU"* irmlron'-v itIvJ 






Cardiovascular Diseases 40/ 


402 Chapters 


Source: https://www.industrydocuments.ucsf.edu/docs/xlmj0001 





PM3003724009 


Surgeon General's depart 



Table 3.7 Continued 



Study 

Design/population 

Tobacco exposure 

Outcome 

Wilmlnkct 

ai. vm 

Nested case control study 

From a population-based screening 
program for AAA 

Men aged >50 years 

210 cases (infrarenal aortic diameter 

>29 mm) 

237 controls 

Huntington, United Kingdom 

■ Duration of 
smoking 
• Cigarettes/ day 

NR 

DJ.mclj.ud 
d .il. 2C0" 

C'.v-i' rf-ntml study •. • 

US incldi'm liirgnoso* cf AAA . 

; i.? ju-ipinl corirrol-, 

Winnipeg, Mantroh,i iC-in t Klai 

ian?-in*i:i 

- Pork years 

NR 

Nilsson et 
al. 2001 

Cohort study 

Questionnaire replies from 16,458 men 
and 25,086 women aged 18- 69 years, 
chosen from the i960 census population 
Analysis was done In 1996 

Sweden 

1963 

* Never si uukud 

* Former smokers 

* Current smokers 

Death from -.turtle 
aneurysm 
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Findings 

Risk estimates (95% Cl) 


Comments 

• For men, there was 

Mortality risk ratios 


None 

a dose-response 

Men 



relationship in ever)' 

Aged 50-64 years 



age category 

1-19 cigarettes/day 

3.1 . 



20 cigarettes/day 

42 



>21 cigarettes/day 

5.3 



Aged 65-79 years 




1-19 cigarettes/day 

4.4 



20 cigarettes/day 

6.1 



>21 cigarettes /day 

8.2 



Aged 280 years 




1-19 cigarettes/ day 

3.0 



20 cigarettes/day 

3.9 



£ 21 cigarettes/day 

4.5 



Women 




Aged 35-49 years 




1-19 cigarettes/day 

6.2 



20 cigarettes/day 

6.1 



221 cigarettes/day 

NR 



Aged 50-64 years 




1-19 cigarettes/day 

3.4 



20 cigarettes/ day 

7.5 



221 cigarettes/ day 

12.4 



Aged 65-79 years 




1-19 cigarettes/day 

2.4 



20 cigarettes/day 

4.4 



221 cigarettes/day 

1.4 



Aged £80 years 




J -19 cigarettes/ day 

4.5 



20 clgarettes/day 

4.2 



>21 clgare^Vday 

NR 


• Slj;iilfHoHT risk wax 

RK 


Rh was rahulutHtl using 

associate:! with 

N w regular smokr-rs 

l.n (refer*nil 

Poisson regressions 

1 fpr Jiirr rogulnr 

1 Vo rTK-r i vg .-I ijj- i>l n k <.-j 

2 yfa.2 1 


smoking 
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Table 3.7 Continued 

Study Design/population Tobacco exposure Outcome 

TOrnwall et Cohort study * Cigarettes/day AAA, ruptured 

at. 2001 29.133 male smokers aged 50-69 years • Duration of or unruptured 

Participants in an alpha-tocopherol. smoking 

beta-carotene cancer prevention study 
Enrollment: 1985-1993 
Ended: spring 1993 
Finland 


Ajiii i :c~m 

Caitox 

Scriely, 

un published 

d*in. ?.m 


iludv 

C.UK 1 I Provmnnri S'mly :1 (CPS Jl) 
Apniux.m-urly 77,'JCD AnicriL'ti*: Cancer 
SuLii.t}' *oJu lifer is 
initial «|::i'stl'.nriaue: 1992 
Unite*.’. States yuitUir.wldp And Puerto 



:oirsll tokti> D. jUj hum aciri 

funner rlguixtn: ■incjry>m 

L.uirt-iit \ itj.irt-llt* 
smokers 


As reviewed above, there Is very strong evidence from 
animal and laboratory experiments Horn meriting the 
potential for tobacco products to have multiple detri¬ 
mental effects at different stages Df the natural history 
□ f uthcro sclera sis, bath in Its Subcllnical evolution 

and in the precipitation of its clinical manifestations 
The new conclusion regarding tobacco smoking 
and heart disease in this report relates to subcllnical 
disease 
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Findings 

Risk estimates (95% Cl) 


Comments 

* 181 outcome events 

Cigarettes/day 

RR 

RRs were calculated using 

• Duration of smoking 

^14 cigarettes/day 

1.00 (referent) 

Cox proportional hazards 

was a stronger risk 

15-24 cigarettes /day 

1.01 (0.70-1.46) 

model: comparisons were 

factor than cigarettes/ 

>25 cigarettes/day 

0.B1 (U.52-1.27) 

limited to smokers only: 

day 

Duration of smoking 

RR 

risk estimates were adjusted 
for age, body mass index. 


<32 years 

1.00 (referent) 

systolic blood pressure, 


33-4D years 

1.45 (0.88-2.39) 

diastolic blood pressure, 


>40 years 

2.25 (1.33-3.81) 

serum total cholesterol, 
serum high-density lipapro- 
tefn cholesterol, serum alpha- 
tocopherol. Gerum beta 

carotene, total energy Intake, 
alcohol consumption, history 
of diabetes meilltus, educa¬ 
tion. and exeirise performed 
in leisure time 

* 1.27.1 oul« .Liu- fwmlv 

f i.^Th I-JI4- i. 

rlluN 

1-M.ylh ,-Hl,UV-ri' sthjkm-i.]- 

in men 

•Mrn 


Led to Cl'S U population 

■ Vi3 omen me events In 

No.i smokers 

l.W> '1 eJVre it) 


wc'iiueo . 

fmtnet :.r:iukcri 

2.42(2.05 2.6U) ' 


*. Signlfleantl.y meitw-f-d 

Cutivri; Sii’iok'-rj 

,i 97 ib 07. *7.vU’ • 


mortality among br:th 




men .inc wturen whu 

Women .. 



wen- (iirreiu rfgjirr.'ttf' 

Mens mr.ker- 

I.(lll trobrrnl 1 


smokers 

1'ormcr smoker*, 

i SI ■ : O 2.321 


- - . 

.t.'unvn* smokris 

0.«2 j.i.hfi -6 ?.?.) 


Conclusions 





Smoking and Subclinlcal Atherosclerosis 

1. The evidence Is sufficient to Infer a causal rela- 
tionship between smoking and subclinlcal 

atherosLlciosia. 

Smoking and Coronary Heart Disease 

2. The evidence Is sufficient to infer a causal relation' 
ship between smoking and coronary heart disease. 

3. The evidence suggests only a weak relationship 
between the type of ligarette smoked and coru¬ 
nary heart disease risk. 


5moJting and Cerebrovascular Disease 

4. The evidence Is sufficient to infer a causal relation¬ 
ship between smoking and stroke. 

Smoking and Abdnmlnal Aortic Aneurysm 

5. The evidence Is sufficient to infer a causal relation¬ 
ship between smoking and abdominal aortic 
aneurysm. 
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